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DESCRIPTION AND SPECIFICATIONS 
CHAPTER 1. 

1.1 DESCRIPTION 

Physical Description 

The GCR CacheTape* Unit (GCR) is a nine-track, multi-density, tape transport 
manufactured by Cipher Data Products, Inc., San Diego, California. The unit is 
designed to be rack-mounted in a standard 19-inch equipment rack. All components are 
mounted on a precision-machined, cast aluminum plate. When the equipment rack is 
securely anchored, the PWB and other internal components can be made accessible from 
the front by releasing the equipment latch located inside the front panel (bottom) and 
pulling the unit forward on slides. 

The GCR simulates traditional tape drives by means of an internal cache memory that 
performs the logical functions of a physical drive. The host system interfaces directly 
with the logical drive. Data records from the host are stored in cache memory and then 
written on tape by the physical drive, independent of the host. The physical drive is 
thus virtually transparent to the host system. 

There is one GCR model: the Model M990. It records at 1600, 3200, and 6250 bytes- 
per-inch (BPI). The M990 has a maximum data transfer rate of 632 kilobytes-per-second 
(KBS) and has built-in start delays to simulate the physical tape ramp time of 
conventional start/stop transports. 

There are two different access positions for the unit. The first position, operator 
maintenance access, provides accessibility to the supply reel, head, and tape roller 
guides. The second position, service access, provides access to all electronic 
components as well as mechanical parts. 

Physical Tape Drive Mechanism 

The reel-to-reel drive mechanism employs two direct-drive, dc, torque motors to drive 
the tape reels. An optical tachometer assembly on the takeup hub regulates tape 
speed. Tape tension is maintained at approximately 9 ounces by a single tension arm. 

The tape path includes roller guides, a dual-gap head, and a tape cleaner. Ail roller 
guides incorporate precision bearings to minimize friction and wear. The roller guides, 
positioned on both sides of the head, utilize polished ceramic washers to guide the tape 
across the head. This arrangement minimizes skew and the effect of tape-width 
variations. 

A tape cleaner is mounted adjacent to the head to minimize tape contamination. 
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Functional Description 

Figure 1-1 is a system block diagram. The GCR can be functionally divided into the 
logical tape unit and the physical tape unit, both of which are controlled by the Z8002 
microprocessor. The logical unit consists of the cache memory and associated logic 
circuits, while the physical unit consists of the read/write circuits, read/write head, the 
physical drive mechanisms, and the related sensing and controlling devices. The DMA 
controller, under the overall control of the microprocessor, directly controls the cache 
memory. 

The microprocessor is supported by 64K of control storage (EPROM) and two 64K sets 
of dynamic random access memories (DRAMs). The microprocessor also has analog 
input and output ports for diagnostic purposes, control of motor drivers, and read 
threshold selection. 

The interface logic in the GCR consists of the following: 

a. Read/write latches and strobes. 

b. Command and status latches. 

The read/write latches and strobe logic are connected to the DMA controller and cache 
memory through device request logic. The microprocessor determines the rate of 
access. The command and status latches interface directly with the microprocessor 
logic. The host interface communicates only with the logical tape drive. 

Cache memory is 256KB of DRAMs. The memory is logically a circular buffer and is 
addressed by the DMA controller. The three channels of the DMA controller perform 
the following services in the priority listed: 

a. Physical tape drive 

b. Logical tape drive 

c. Microprocessor 

The write formatter is under the direct control of the microprocessor. The ID burst, 
preamble, postamble, and file mark are generated internally by the formatter. The 
formatter output is sent to the write electronic circuits, which drive the physical tape 
drive head to write the formatted data on the tape. 
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Figure 1.1 System Block Diagram 
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During a read operation, the read electronic circuits recover the low-voltage read 
signals from the read head, condition the signals, and route the signals to the read 
formatter. The read formatter detects the polarity of the data transitions and sends 
input requests to the serial processing and skew buffer in the read formatter logic. 
When a full data character is assembled by the skew buffer, the buffer requests that the 
DMA controller recover the character and place it in cache memory. 

Tape movement in the physical tape drive is controlled primarily by the takeup servo 
and tachometer assembly. The velocity information generated by the tachometer 
assembly is used to develop the drive voltage for the takeup motor. The tachometer is 
also used to derive position displacement information between the beginning and end of 
consecutive tape records. 

The supply motor is the driving mechanism of a position servo loop that maintains the 
tape at the proper tension. The compliance arm is held at a position between its two 
limit stops. Any tape movement causes a change in position of the compliance arm, 
resulting in a feedback signal from the compliance arm position sensor to the supply 
reel servo. The servo adjusts the supply reel motor speed and direction to correct the 
compliance arm position. 

The end-of-tape (EOT) and beginning-of-tape (BOT) sensors consist of two infrared 
LEDs and detectors operating on reflections from ANSI metallized markers applied to 
standard tape reels. 

An infrared detector adjacent to the supply reel senses that the tape is in the tape 
path. This ensures reliable tape loading. 
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1.2 SPECIFICATIONS 
Interface Specifications 

Signal characteristics are as follows: 

a. Levels 

(1) True is low: to +0.4 volt (approximately). 

(2) False is high: +3.0 volts (approximately). 

b. Pulses 

(1) Levels as above. 

(2) Edge transmission delay over 25 feet of cable is not greater than 200 
nanoseconds. 

The interface circuits are so designed that a disconnected wire results in a false 
signal. Figure 1-2 shows the interface configuration for which the transport is 
designed. 
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Figure 1-2. Interface Configuration 
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Mechanical and Electrical Specifications 



Recording Method 

Data Tracks 
Parity Tracks 



Phase Encoded (PE) 

Group Code Recording (GCR) 

8 

1 



Density 



Physical Tape Speeds 



Reposition Time 



1600 BPI 

3200 BPI 

6250 BPI 

100 IPS (PE) 

50 IPS (3200 BPI) 

70 IPS (GCR) 

1.080 sec (PE) 

0.540 sec (3200 BPI) 

0.743 sec (GCR) 



I/F Character Rate 
(burst mode) 



70.3-632 kbs (burst mode) 



Physical Dimensions 
Height 
Width 

Depth (from mounting surface) 
Overall Depth 
Weight 



14.0 in. (35.56 cm) 
17.0 in. (43.18 cm) 
22.0 in. (55.88 cm) 
24.5 in. (62.23 cm) 
100 lbs (43.36 kg) 



1-6 



Environmental 



Operating : 
Dry Bulb Temperature 
Wet Bulb Temperature 
Relative Humidity 
Barometric F^ressure 
Altitude 

Temperature Shock 
Generated Heat 
Acoustic Noise 



10° to 40°C 

26°C max 

20-85% (non-condensing) 

20" Hg to 35" Hg (68 kPa to 119 kPa) 

Sea level to 10,000 ft (3km) 

l°C/min (max) 

1300 BTU/hour max (vented to enclosure) 

60 DBA max 



* The ambient temperature must be maintained within ANSI media limits to ensure the 
data integrity of the media. The ANSI max is 32 degrees centigrade. 



Non-operating (Long Term): 
Dry E3ulb Temperature 
Wet Bulb Temperature 
Relative Humidity 
Altitude 



-40° to 50°C 

30°C max 

90% max non-condensing 

Sea level to 10,000 ft (3km) 



Shipping and Short Term Storage; 
Dry EJulb Temperature 
Wet Bulb Temperature 
Relative Humidity 
Altitude 



tO 



-40" to 70^C 

40 °C max 

95% max non-condensing 

Sea level to 49,000 ft (15km) 



Tape Speed (Determined by density) 
100 IPS (1600 BPI) 
70 IPS (6250 BPI) 
50 IPS (3200 BPI) 



Long Term Speed Variation (LSV) 
Instantaneous Speed Variation (ISV) 



*1% of nominal 
±2% of long term 



Rewind Time 



110 sec nominal-150 sec max 
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Recording Density 

GCR 

PE 

PE 



6250 CPI or 9042 FRPI 
1600 CPI or 3200 FRPI 
3200 CPI or 6400 FRPI 



Error Correction 

GCR 

PE 



2 channel (read) 
1 channel (read) 



Erase Gap 



4.2 in. 



Data Format 

GCR 

PE 



Compatible with ANSI STD X3.54 - 1976 
Compatible with ANSI STD X3.39 - 1973 



Block Size (max) 



32 K bytes 



Cache Memory 



256 K bytes 



Tape Computer Grade 

Width 

Thickness 

Reel Size 

Tape Tension 



ANSIX3.40 - 1976 
0.5 in. 

1.5 milli-inch substrate 
7 in., 8.5 in., or 10.5 in. 
9.5 oz. nominal 



Data Reliability (errors other than media faults) 



Write 

Read Recoverable 

Read Permanent 



For PE 
o 
1 error in 10 bytes 



1 error in 10 bytes 



ao 



For GCR 

o 

1 error in 10 bytes 



1 error in 10 bytes 



11 



1 error in 10 bytes 1 error in 10 bytes 
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MTBF (20% duty cycle) 

MTTR (to isolate and replace major assemblies) 



5440 hours 
30 minutes 



Inter-record Gap 



For F^E 
0.6 in. (at 1600/3200 BPI) 

nominal 
0.5 in. min 
25 ft. max 



For GCR 
0.3 in. nominal 

0.28 in. min 
15 ft. max 



Formatter Interface 



Industry compatible Cipher standard 



Interface Impedance 
Logic Low 
Logiic High 
Rise/Fall Time 
Cable Characteristics 



110 ohms a 3 Vdc 

0.4 Vdc, max 

2.4 Vdc, min 

100 nanoseconds, max 

22 or 24 AWG twisted pair (shielded) 



Input Power and Grounding 

Operating Frequency 
Frequency 
Rate of Change 

Utilization Voltage 

Nominal input voltage 
(slow-averaged rms, 
including brownouts) 
Range of nominal 
voltage except 208, 230 
Range of nominal 
208, 230 voltage 
Modulation 
Harmonics (total) 

Power Consumption 



49 to 61 Hz 
1.5 Hz/sec, max 

100, 104, 110, 120, 127, 200, 208 
220, 230,240 



+10%, -15% 

±10%, -10% 

1%, max 

10%, max 

500VA max 

400W max at 0.85 pf 

250 W operating at 0.85 pf 
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DIGITAL RECORDING TECHNIQUES 
CHAPTER 2. 

2.1 GENERAL 

The basic concepts of digital recording, magnetic tape transport applications, and 
principles of operation of the GCR CacheTape* Unit (GCR) are presented in this 
section. A thorough knowledge of this section will be of considerable value in 
troubleshooting this equipment. 

Basic Concepts of Digital Recording 

The use of magnetic tape as a digital recording medium has increased steadily as a 
result of the increased use of microprocessor technology and the increasing versatility 
and decreasing cost of tape transports. The digital recording process involves methods 
and equipment capable of recording and reading information expressed in digital (binary) 
code. 

Data Recording/Reading With Magnetic Tape 

The recording of data on magnetic tape originates with the input device, whose nine 
channels of digital signals are transmitted to the corresponding data channels of the 
transport in parallel bytes composed of nine bits aligned across the width of the 
magnetic tape. A bit is a binary 1 or which is presented in magnetic tape recording by 
the presence or absence of a flux reversal, or by a plus or minus direction of flux 
reversal, depending upon the coding system. (One of these channels is the parity 
channel, which is used to correct errors which occur when one of the other eight bits is 
not properly recovered). These signals produce corresponding electrical currents in the 
read head of the transport, which, in turn, produces positive and negative magnetic 
polarities corresponding to the original data and parity signals in the tracks of the tape 
passing over it. The details of the methods in which the data is recorded for phase- 
encode (PEI) and group code recording (GCR) are given in the respective descriptions in 
this section. 

2.2 GROUP CODE RECORDING 

Group Code Recording (GCR) is used for 6250 bits per inch (BPI) in the nine-track 
mode. The major advantage offered by the GCR format is high density with optimum 
data integrity, including enhanced error detection/correction facilities. 

The GCR method uses the Non-Return-Zero (NRZI) Change on Ones recording technique 
and is formatted in the GCR structure. 
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NRZI Recording Technique 

The NRZI system, recording is carried out by a saturation current driven through the 
head in a direction determined by a flip-flop which toggles for each 1 bit recorded. The 
NRZI system requires the recording of at least one bit for every character; otherv/ise, 
in an all-0 character there would be no indication of the presence of that character. 
When O's are written in all eight data tracks, the required one bit is written in the 
parity track. The basic features of the NRZI system are as follows: 

a. At data time, no change in magnetic tape polarity means a O bit. 

b. A change from negative to positive or positive to negative is a bit. 

c. There is no change of polarity between data bits. 

See Figure 2-1 for description of NRZI-type writing and reading signals. 



NRZI (NON-RETURN-TO-ZERO INTERRUPT) 
WRITE VOLTAGE 



-OSAT 



TAPE MAGNETISM 



-OSAT 




READ VOLTAGE 



DATA TIME 12 3 4 5 6 

Figure 2-1. NRZI Recording Waveforms 

Group Coding Process. In the group coding process, every four bits of data along each 
of the nine tracks are translated into a five-bit code that is recorded to tape. When it 
is read back, the translation is reversed and the actual data values are derived by the 
read logic. Since there are twice as many five-bit combinations as there are four-bit 
possibilities, five bit codes are selected to ensure that no code will contain more than 
two consecutive zeros, and that a run length of more than two consecutive zeros cannot 
occur no matter how the codes are linked. 

The four-bit data values and the corresponding five-bit GCR codes are shown in Table 
1. The GCR conversion and storage process is shown in Table 2. The data structure 
prior to GCR coding is shown in the DATA SUBGROUPS column; the translated five-bit 
codings are shown in the STORAGE SUBGROUPS column. 

The levels of redundancy used in the GCR process to ensure data integrity include: 

o Serial checks by track in five-bit segments 

o Parallel checks of each translated data character using vertical parity 
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o Cyclic checks of each seven characters using the Error Correction Code (ECC). 

GCR Format 
Details of the GCR format are shown in Figure 2-2. 
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Figure 2-2. GCR Data Format 



The GCR recording method is identified by and Identification (ID) burst in conjunction 
with the Eieginning-of-Tape (BOT) marker. The burst is in the PE frequency range on 
track 6, with erasure on all other tracks. The burst must begin at least 1.7 inches ahead 
of the trailing edge of the BOT marker and extend beyond the trailing edge of the 
marker. 

Following the ID burst is an Automatic Read Amp (ARA) burst of all ones in all tracks, 
separated from the ID burst by an unspecified gap. The ARA burst begins no sooner 
than 1.5 inches and no later than 4.3 inches from the leading edge of the BOT marker. 
It ends no sooner than 9.5 inches and no later than 11.5 inches from the leading edge of 
the BOT marker. Appended to the end of the ARA burst is an ARA identification 
character consisting of ones in tracks 2, 3, 5, 6, 8, and 9 and erasure in tracks 1, 4, and 
7. The ARA ID character is approximately 2 inches long. 

There is normal Interblock Gap (IBG) between the ARA ID character and the first data 
block. The IBG is nominally 0.3 inch long, with a minimum length of .28 inches and a 
maximum length of 15 feet. The IBG is used to separate blocks of information on the 
tape. 

The GCR file mark is a special block written only by a Write File Mark command. The 
file mark consists of 250 to 400 flux reversals in tracks 1, 2, 4, 5, 7, and 8 with no 
recording in tracks 3, 6, and 9. The file mark indicates the end of a file of information. 

A data block consists of a group of contiguous characters that are transported as a 
block. The data blocks are separated by interblock gaps. The end of a block is flagged 
by appending the Interface Last Word (ILWD) control signal to the last character of the 
data block. While the ANSI specification defines a data block as a minimum of 18 
characters and a maximum of 2048 characters, there are no technical restrictions in the 
GCR recording technique to limit a data block to that size, and the specification 
permits relaxation of the size requirement upon agreement of the interchange parties. 

Each data block includes a preamble and postamble, each consisting of 80 characters. 
The first five characters of the preamble are 10101, the second five characters are 
01111, and the remaining 70 characters are 11111 in all tracks. The postamble is a 
mirror image of preamble, consisting of 70 characters of 11111, five characters of 
01111, and five characters of 10101, in which 1 is the last character control signal. 

The preamble is followed by a Mark 1 control subgroup, which consists of nine parallel 
five-bit serial values, 00111 in the respective tracks. The Mark 1 control subgroup is 
followed by the data, which is then followed by an end mark consisting of nine parallel 
five-bit serial values, 11111 in the respective tracks. 

The end mark is followed by the residual and CRC groups. The actual number of data 
groups can be calculated by dividing the number of data characters by seven. Any 
remainder is accommodated in the residual group. The residual group also contains an 
auxiliary CRC character that is used for error detection and correction. An ECC 
character is also calculated for the residual group. 

The CRC group consists of a CRC character written five or six times, depending upon 
the number of data groups in the data block. If there is an even number of data groups 
in the data block, a pad character is inserted as the first character in the CRC group. 
If there is an odd number of data groups of data groups in the data block, the CRC 
character is written in this location. This ensures odd parity for the CRC character. 
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The Mark 2 control subgroup follows the CRC group. This subgroup consists of one set 
of nine parallel five-bit serial values, 11100 in the respective tracks. This foUov/ed by 
the postamble, which ends with the last character control signal. 

A resync burst is interleaved in the block every 158 data groups. This burst consists of 
one Mark 2 control subgroup, two synch subgroups, an a Mark 1 control subgroup. The 
resync bursts are used to resynchronize the operation of the read circuits when the 
bursts are sensed. 

2.3 PHASE-ENCODED (PE) RECORDING 

Phase-encoded (PE) recording is used for 1600 bits per inch (BPI) format in the nine- 
track mode only. The PE technique is illustrated in Figure 2-3. A major advantage 
offered by the PE format is the fact that the data is self clocking which allows each 
channel to be synchronized using a preamble. 

a. There must be a change of tape polarity between data bits of the same 
polarity (consecutive 1 or bits) at a time. 

b. There must be a change of tape polarity at each data bit time. 

c. There must not be change of tape polarity at phase time between 1 and bits. 

d. A change of tape polarity at data bit time, when reading forward; to erase 
polarity is a 1, away from erase polarity is a 0. 

e. The PE transport records and reads data at a density of 1600 bits per inch 
(BPI). 

For clarification, the term "change of polarity" is also referred to as a flux change or 
flux reversal. As noted above, there must be a flux reversal with each data bit, whether 
it be a or 1. Therefore, 1600 BPI equates to minimum of 1600 flux reversals per inch 
(FRPI) in any given channel. (This would occur in the case of alternate and 1 bits.) 
The maximum case would occur with consecutive or 1 bits, resulting in 3200 FRPI. 
The flux reversal at each bit time accounts for the self-clocking feature of PE writing. 

Details of the PE format are given in Figure 2-4. Channels through 7 contain data 
bits, with the bit in channel as the most significant bit. Channel P contains the parity 
bit, which in the PE format is always odd. No Cyclic Redundancy Characters (CRC) or 
Longitudinal Redundancy Characters (LRC) are used in the PE format. Each PE data 
block, however, is preceded by a preamble consisting of 40 bytes of all zeros followed 
by one byte of all ones. This is used to establish synchronization for the data block. 
The all-ones byte identifies the end of the preamble and the start of the data bytes in 
the block. Following each PE data block is a postamble which is the mirror image of 
the preamble; i.e., one byte of all ones and 40 bytes of all zeros. 
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Figure 2-3. Phase-Encoded (PE) Tape Magnetization 
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Figure 2-4. Nine-Track PE Data Format 



A 1600 BPI phase-encoded tape requires an identification burst (ID) of 1600 FRPI in the 
P channel and erasure in all other channels at the beginning of the tape. The burst must 
begin at least 1.7 inches ahead of the trailing edge of the beginning of tape (BOT) 
marker and extend beyond the trailing edge of the marker and end at least 0.5 inch 
before the first block of data. The initial gap requirements are given in Figure 2-4. 
The typical distance for a gap is 3.75 inches. 

The ANSI specification defines a PE file mark as a special control block consisting of 64 
to 256 flux reversals (at 3200 FRPI) in channels 2, 6, and 7. Channels 1, 3, and 4 are dc 
erased, but channels, O, P, and 5 in any combination, may be dc erased or recorded in 
the manner stated for channels 2, 6, and 7. The GCR v\/rites and IBM compatible file 
mark with 80 flux reversals (40 characters) at 3200 FRPI in channels P, O, 2, 5 ,6, and 7 
with channels 1, 3, and 4 dc erased. The PE file mark is preceded by a gap of 
approximately 3.56 inches followed by a normal interblock gap (IBG) of 0.6 inch. 

2.4 CACHETAPE OPERATION 

CacheTape operation consists of the GCR receiving data from the host computer, 
placing the data in cache memory, and then writing the data on tape when the physical 
write head is available. This permits faster write speeds, when viewed from the host 
system, in that write data, as it is available, is transferred to the CacheTape* unit and 
stored in cache memory. The GCR then writes the data on tape in a time frame 
independent of the host transfer rate. The cache memory allows the GCR to perform 
most of the housekeeping chores normally assigned to the host, freeing the host for 
other system activities. The cache memory thus acts as a logical drive in its 
interfacing with the host. 

The cache memory has storage limits that are reduced as the amount of tape remaining 
on the supply reel approaches end-of-tape (EOT). The system determines an impending 
EOT detection approximately ten feet in advance of the EOT marker and lowers the 
cache limits accordingly to assure that all data contained in cache will be written on 
the tape. The system operates in a streaming mode, as described below. When the 
cache is full and no further write data can be accepted from the host. Data Busy Line to 
Host will be held high until the cache is depleted below the selected block limits. 

2.5 STREAMING-TAPE OPERATION 

Streaming tape operation is simply writing data to tape without stopping and starting 
between each record block. Interblock gaps, as required in the ANSI format, are 
inserted automatically "on the fly". Figure 2-5 illustrates in the simplest form what a 
streaming drive will automatically perform if for any reason the unit must start and 
stop after each block. As can be seen in the diagram, there is a period of time called 
Command Reinstruct Time. This is the time after reading or writing the last character 
of the last block in which the microprocessor system must instruct the tape drive to 
continue or, after reaching point B, the tape drive will enter what is called repositioning 
cycle. If the command to continue reading or writing is not received by the time 
normal forward velocity reaches point B, the drive automatically decelerates, coming to 
rest at point C. Accelerates in the opposite direction, begins to decelerate, after 
coming to rest at point E, the unit waits for the next command to read or write. This 
sequence is called repositioning. 
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Figure 2-5. Repositioning Cycle 

Because the tape acceleration and deceleration times required by the GCR are not 
related to tape velocity by the usual formula, it is not possible to start and stop the 
tape in the normal interblock gap (IBG). It therefore becomes necessary, during certain 
command sequences, to reposition the tape so that it will be in the correct position with 
respect to the record head when record velocity is attained following a subsequent 
command. However, if the subsequent command is of the same category and is given 
within the reinstruct time, repositioning will not be required; tape motion will continue 
at the normal recording velocity. 

Repositioning. Repositioning is accomplished in three steps: 

a. Deceleration of tape to rest position (forward). 

b. Acceleration of tape to a maximum velocity in the opposite direction. 

c. Deceleration of tape to rest position (reverse). 

Figure 2-6 illustrates these three steps and shows the relative positions of the record 
head with respect to the recorded data. The velocity achieved during acceleration is 
equal to the record velocity of the tape. A write operation is used for the purpose of 
illustration: however, a read operation is identical, except that recorded data might be 
on either side of the record head. Figures 2-6A, B, and C show the position of the head 
and the last data block following acceleration or deceleration. Figure 2-6D is a 
composite showing the position of the record head at any instant in time during 
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repositioning. Segments AB, BC, and CD represent the actual repositioning, 
segment DA is the acceleration after another command is issued (access time). 



and 



To allow for minor variations in acceleration and deceleration rates, the tape is allowed 
to run at speed for short distances during repositioning. This provides an offset, which 
is shown as points C and C in Figure 2-6D. After repostioning, the record head might 
be left several data blocks in front of the point at which the next write or read 
operation is to take place. If one microprocessor command is followed by another in the 
opposite direction, it becomes necessary to perform an additional repositioning to allow 
the required distance for tape acceleration, as illustrated in Figure 2-7. This 
illustration represents a reverse read following a write forward. It can be seen that the 
second reposition is a retrace of the first. It is shown offset in time for clarity only. 
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DETAILED CIRCUIT DESCRIPTIONS 
CHIAPTER 3. 

3.1 SENSE/SERVO BOARD (PWB 961344-XXX) 

The Sense/Servo Board is a multiple-function PWB that contains the following circuits: 

o Voltage sourcing and regulation 

o Sensor signal processing 

o Mechanical actuations/drivers 

o Erase/Write Head drive 

o Compliance arm position sensing 

o Analog-to-Digital Converter 

o Supply reel servo driver 

Take-up reel servo driver 

o Operator Panel interface 

Alphanumeric Display Panel interface 

o Communication control 

All top plate connections, except for data to and from the head, are made through the 
Sense Servo Board. The board provides voltage for all other system boards, and all 
direct external communications are made through the board via the Operator Control 
Panel, Alphanumeric Display Panel, or Serial Interface. 

The following detailed descriptions of the Sense/Servo Board functions are based on 
Schematic No. 1. All sheet number references in the description refer to sheet numbers 
of that figure. 

Voltage Sourcing and Regulation (See Sheet 2) 

Voltage sourcing and regulation is performed on the Sense/Servo Board. Unregulated 
input voltages are received from Power Supply Module PSl and via connector Jl. A 
3524A integrated circuit (U3V) is used to achieve switching regulation. The switching 
frequency of 25 kHz is determined by resistor R81 and capacitor C52. The 3524A drives 
a push-pull power stage consisting of transistors Q3, Q4, Q7, and Q8, which actuate 
current boost transformer Tl. 

Voltage regulation is taken from the secondary of the transformer Tl 5-volt tap after 
frequency filtering through inductor L4 and capacitor C13. The +5-volt transformer 
output is rectified and sent to all system logic via connector P4. 

Monitoring of the unregulated 57V dc input is done through comparator U3T. If the 
input drops below 38V dc, U3T will shut down the switching regulator U3V. In addition, 
one-shot U4V will send a power-on reset signal (PWR RES) to the microprocessor when 
power is applied. 
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Sensor Signal Processing (See Sheet 3) 

The sensor input signals are received at J7 and J8, and consist of the following: 

o Take-up reel tachometer 

o Door sensor 

o File protect sensor 

o Beginning-of-tape (BOT) sensor 

o End-of-tape (EOT) sensor 

o Tape-in-path sensor 

The sensor input signals are detected, shaped, and processed through comparators UIOL 
and DHL. The resulting TTL-compatible signals, with the exception of the tachometer 
outputs, are fed directly to CIO U12B, (Sheet 7) for processing by the microprocessor. 
The tachometer outputs (TPO and TPl) are pulse-shaped and conditioned by U17E and 
U17H (Sheet 7) before being routed to the CIO. 

Mechanical Actuators/Drivers (See Sheet 3) 

The following functions are controlled by the Sense/Servo Board: 

Blower motor 

Door lock solenoid 

o ' Hub lock solenoid 

The Blower (BLWR), Door Lock (DRLK), and Hub Lock (HBLK) signals are sent from the 
microprocessor via CIO UlOB (Sheet 7). The BLWR signal controls the blower motor 
through transistor Ql; the DRLK signal controls the door lock solenoid through driver 
U9G-10 and transistor Q13; and the HBLK signal controls the hub lock solenoid through 
driver U9G-8 and transistor Q13. 

Erase/Write Head Drive Circuits (See Sheet 3) 

The system uses three separate magnetic head assemblies; the erase head, the early 
erase head, and the write head. The drive circuits for these heads are located on the 
Sense/Servo Board. The drive circuits are controlled by signals from the microprocessor 
sent via CIO UlOB (Sheet 7). The Erase Head 1 Enable (EHIEN) signal controls the 
operation of the erase head drive circuitry, which consists of driver U9E-2, transistor 
QIO, and related discrete components. The Write Enable (WEN) and 6250 signal control 
the operation of the write center tape head drive circuitry, which consists of drivers 
U9E-6, U16J-12, and U9E-4; transistors Qll and Q12; and related discrete components. 

Compliance Arm Position Sensing (See Sheet 3) 

Signals indicating the position and rate of change of position of the compliance arm are 
generated by the compliance arm sensing logic. The compliance arm drive signal is 
derived from the 40 kHz SERVCLK output of CIO UlOB-19 (Sheet 7) by drivers U16J-4 
and -6; operational amplifiers U17K-10 and U15K-4; and related discrete components. 
A variable capacitor couples the compliance arm sense signal (ARMSNS) to U15K-1, 
where the arm position (ARMPOS) signal is generated by U15K-3 and related discrete 
components. The ARMPOS signal is routed to the Analog-to-Digital Converter (Sheet 4) 
via multiplexer U5E. The ARMPOS signal is also applied to differentiation circuit at 
U15K-12, consisting of U15K-14, U15K-10, and related discrete components. The 
output at U15K-10, Arm Division (ARMDIV), is also sent to the Analog-to-Digital 
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Ccinverter (Sheet 4) via multiplexer U5E to indicate the rate of change of the position 
of the compliance arm. 

Analog-to-Digital Converter (See Sheet 4) 

The Analog-to-Digital Converter (ADC) provides communications between various 
analog signals and the microprocessor. The ADC consists of ADClOOl (U7D) and two 
4051 multiplexers (U4E and U5E). The following analog lines are multiplexed and 
digitized for transmission to the microprocessor: 

o +12V 

o -12V 

o +5V 

o +57V 

o Write Center Tap Voltage (WCTV) 

Take-up Motor Voltage/Current (TMV/TMI) 

Supply Motor Voltage/Current (SMV/SMI) 

Arm Division (ARMDIV) 

Arm Position (ARMPOS) 

The active multiplexer U4E or U5E) is selected by the MDAC A/B signal from CIO 
UlOB-28 (Sheet 7). The signal to be sampled is selected by the A, B, C address signals 
from CIO UlOB-32, -31, and -30. The selected signal, after digitizing by U7D, is routed 
to the microprocessor on the higher order byte of the processor address/data bus (AD8- 
AD15). 

Digital-to-Analog Converter (See Sheet 4) 

The Digital-to-Analog Converter (DAC) provides communication between' the 
microprocessor bus and various analog signals. The DAC consists of DAC 1006 (U7B), a 
4051 demultiplexer (U7G), differential amplifiers (U6C-1 and U6C-7), voltage followers 
(U6D, U6E, and U6F), and related discrete components. The following analog functions 
are! generated by the DAC: 

o Supply Motor Current (ISU) 

o Take-up Motor Current (ITU) 

o Read Amplifier Voltage Threshold (ITHR) 

The DAC 1006 (U7B) receives bits AD6 and AD7 and the high order byte (AD8-AD15) of 
the processor address/data bus. The analog output is available at U6C-7, and is sent to 
demultiplexer U7G for selection. The demultiplexer is enabled by the MDAC signal 
from CIO UlOB-33 (Sheet 7), and the output signal of the demultiplexer is selected by 
the A, B, C address signals from UlOB-30, -31, and -32. The selected demultiplexer 
output signal is clamped by one of the high impedance voltage followers (U6D or U6E). 
The selected output charges the associated capacitor (C26 through C28 and C30) to the 
desired value, and since the demultiplexer output returns to a very high impedance 
state, the capacitor retains that value until the next refresh time. The output at U7G- 
12 is used as a calibration feedback signal to the DAC output. 

Supply Reel Servo Driver (See Sheet 5) 

The ISU signal from the DAC (Sheet 4) is the drive signal (supply current) for the supply 
reel servo driver. The ISU signal is applied via R278 to U14P where it is filtered. The 
signal is then modulated by a 20 kHz sawtooth (f+ and f-) at comparators U14T. The 
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sawtooth is generated by U15J and U14S from a 40 kHz Servo Clock (SERVCLK) signal 
initiated by CIO UlOB-19 (Sheet 7). The pulse-width-modulated signals from U14T-.1 
and U14T-2 are applied to the gating network of U14V. If the ISU signal was negative, 
specifying forward reel movement, the signals from U14V-6 and U14V-8 are sent to 
driver transistors Q26 and Q27. The ISU was low, specifying reverse reel movement, 
the phase difference will result in reverse motion. The driver transistors feed an 
H-bridge power driver comprised of transistors Q18, Q19, Q22, Q23, and their related 
components, which drive the supply motor through inductors L5 and L6 and motor 
breaking relay Kl. Voltage feedback is provided by comparator U9N-3, which generates 
the Servo Motor Voltage (SMV) signal that is sent to the Analog-to-Digital Converter 
(Sheet 4) for digitizing and routing to the microprocessor. Current feedback is provided 
by U9N-4, which generates Servo Motor Current (SMI) for routing to the microprocessor 
via the Analog-to-Digital Converter. 

Current limit protection is provided by comparator network U14M. When the servo 
motor current exceeds its maximum limit, the High Current (HII) signal at U17J-4 goes 
low. This inhibits the U14V gating network, causing the servo drive to shut down (Sheet 
6). 

Further shutdown protection is provided by the Watchdog Timer logic (Sheet 6). If the 
+5V drops too low, the Servo Enable 2 (SERV EN 2) signal at U15H-8 goes low, inhibiting 
gate U17G (Sheet 5). This shuts off transistor Q2, deenergizing relay Kl and shutting 
down the servo drive. 

Take-up Reel Servo Driver (See Sheet 6) 

The operation of the take-up reel servo driver is similar to that of the supply reel servo 
driver. The ITU signal from the DAC (Sheet 4) is the drive signal (supply current) for 
the take-up reel servo driver. The ITU signal is applied via R280 to U14P where it is 
filtered. The signal is then modulated by the 20 kHz sawtooth (f+ and f-) from the 
supply reel servo driver logic at comparators U14T. The pulse-modulated signals from 
U14T-13 and U14T-14 are applied to the gating network of U12N. If the ITU signal was 
negative, specifying forward reel movement, the signals from U12N-6 and U12N-8 are 
sent to driver transistors Q25 and Q24; the phase difference will result in forward 
motion. The driver transistors feed an H-bridge power driver comprised of transistors 
Q16, Q17, Q20, Q21, and their related components, which drive the take-up motor 
through inductors L7 and L8 and motor breaking relay Kl. Voltage feedback is provided 
by comparator U9N-12, which generates the Take-up Motor Voltage (TMV) signal that is 
sent to the Analog-to-Digital Converter (Sheet 4) for digitizing and routing to the 
microprocessor. Current feedback is provided by comparator U9N-10, which generates 
Take-up Motor Current (TMI) for routing to the microprocessor via the Analog-to- 
Digital Converter. 

Current limit protection is provided by comparator network U14N. When the Take-up 
Motor Current exceeds its maximum limit, the High Current (HII) signal at U17J-4 goes 
low. This inhibits the U12N gating network, causing the take-up servo drive to shut 
down. 

The take-up motor drive also has the further shutdown protection of the Watchdog 
Timer logic detailed in the description of the Supply Reel Servo Driver. 
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Operator Panel Interface (See Sheet 4) 

The Sense/Servo Board processes control signals that operate a power switch, a power 
on indicator, and six tactile mennbrane switches with five associated light emitting 
diodes (LEDs) on the Operator Control Panel. The LEDs are controlled by the LOAD, 
UNLOAD, ON-LINE, WRT EN, and HI DEN signals from CIO U12B (Sheet 7) through 
drivers U12H. The switches are sensed by a resistor divider circuit and the same CIO 
lines that drive the LEDs. 

Alphanumeric Display Panel Interface (See Sheet 7) 

The Alphanumeric Display Panel contains an eight-character (ASCII) fourteen-segment 
display and three density display LED bars. When the alphanumeric display or LED 
display address is decoded by U15E (DSPSL or LEDSL, respectively), data is sent to the 
selected display via drivers U12G and U13G on the BAD0-BAD5 lines. 

Communication Control (See Sheet 7) 

Communications between the Sense/Servo Board and the microprocessor is 
accomplished by reading and writing to memory locations corresponding to six memory- 
mapped input/output devices. These devices are the two CIOs (UlOB and U12B), the 
Analog-to-Digital Converter (U7D), the Digital-to-Analog Converter (U7B), and the 
density and alphanumeric displays located on the Alphanumeric Display Panel. 
Addresses within the Sense/Servo Board memory space are latched by U15B and decoded 
by U15E. After decoding, the active output of U15E enables the selected I/O device. 

3.2 CPU/MMU BOARD (PWB 961730-XXX and 962112-XXX) 

The CPU/MMU Board consists basically of three logic groups: the CPU and associated 
control and storage logic; the cache RAMs; and the control and management logic for 
the cache memory area. The logic groups perform the following functions: 

o The CPU logic group consists primarily of the Z8002 microprocessor, the 

Z8036 counter and I/O (CIO); the microprocessor RAMs and PROMs; a 
NOVRAM; and associated control logic chips. The CPU logic group monitors 
and controls the physical and logical processes of the GCR. 

o The cache RAMs provide a logical tape area for data that is to be written to 

the physical tape or that has been read from the physical tape. The cache 
RAMs thus act as a data buffer between the host processor system and the 
physical tape transport system. 

o The control and management logic group, called the Memory Management 

Unit (MMU), consists of the 2900 bit slice DMA controller and associated 
control logic. The MMU provides access control and management of the 
cache RAMs. 

Each of these basic logic groups is described in detail in the following paragraphs. 

Refer to Schematic No. 2. 

CPU Logic Group 

The microprocessor, which is a Z8002A chip (U25B, Sheet 2) is supported by two 64K- 
byte banks of dynamic RAM (DRAM), consisting of a high-byte bank and a low-byte 
bank, as listed in Table 3. 
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The low-byte bank of DRAMs is used to store instructions and special input/output 
operations. The high-byte bank is used to store stack data and to perform housekeeping 
operations. 

The microprocessor is also supported by 64K bytes of EPROM (U20K, U23K, U22K, and 
U25K, Sheet 5). The EPROMs contain start-up data and are accessed only during 
boot-up following a power-up reset. 

The microprocessor operates at two speeds. During boot-up, it operates at 2.7 MHz to 
allow program data to be read from the relatively slow EPROMs and written into the 
DRAMs. This is controlled by a clock conditioner (U27C). The clock conditioner divides 
the clock by two in response to the BOOT signal, which is high during boot-up. The 
BOOT signal is generated at U25D-11 (Sheet 3) by a Power Reset (PWRRES) signal. It is 
reset under software controlled by RBOOT from address decoder U27J (Sheet 7). 
During boot-up, the clock conditioner not only controls the width of the clock pulses to 
the microprocessor, but also provides the NMOS levels and 10-nanosecond rise and fall 
times necessary for proper microprocessor operations. At the conclusion of boot-up, 
the BOOT signal is turned off by the software, and the microprocessor is clocked at its 
full speed of 5.4 MHz. 

The microprocessor communicates with the system via bidirectional address/data lines 
ZAD0-ZAD15. When the start cycle is initiated, the microprocessor sets up the address 
for that cycle on the address/data lines and issues the Address Strobe (AS) at U25B-29. 
The rising edge of AS indicates that the addresses are valid. The address strobe is 
routed to the enable input (pin 11) of address latches U22F and U27F via U27H-6 and 
U23B-6. The ZAD0-ZAD15 addresses are latched into the address latches on the 
trailing (rising) edge of AS. 

Data line buffers U23F and U25F also receive addresses and data on the ZAD0-ZAD15 
lines. The addresses and data are sent to other portions of the CPU/MMU board via 
buffered address/data lines BAD0-BAD15. 

The microprocessor generates status signals (ST0-ST3) at U25B-21, -20, -19, and -18. 
These signals define the current processor status, and are sent to a decoder (U23C) to 
activate the specified status line. The status line output codes and the active decoder 
lines are listed in Table 4. 

The REFRESH, 10, and SPECIAL lO status signals are used in the DRAM timing logic. 
SPECIAL 10 is used during boot-up to prevent microprocessor reading or writing in 
instruction space other than instruction latch (Sheet 3). DATA + STACK, which is used 
by DRAM timing logic on Sheet 3 to generate Boot Read (BOOT RD). INTA is sent to 
the interrupt acknowledge input of CIO U20D (Sheet 7), and lO is used as an enabling 
input to address decoder U27J in the CPU/DMA interface logic (Sheet 7). Both 10 and 
INTA are routed to other boards via buffer U22A and processor bus connector J5 (Sheet 
6). The DATA + STACK signal is also used (Sheet 2) to generate the HBANK signal, 
which when active, selects the high DRAM bank. DATA + STACK is applied to 
Exclusive-OR gate U18J, and when REVERSE BANKS from the CPU/DMA CIO (Sheet 7) 
is high, HBANK is also high. HBANK is sent to the address multiplexer (U18M, Sheet 5) 
to specify the high bank has been selected. 

Logic in the DRAM timing circuits (Sheet 3) generates Row Address Strobe (RAS) and 
Column Address Strobe, High and Low (CASH and CASE) for the DRAMs. The RAS is 
generated by U20B-6 on the rising edge of ZCLK from the microprocessor clock logic 
(Sheet 2). The Address MUX (AMUX) strobe is set at U23D-8 (Sheet 3) to enable the 
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high order address (row address) from DRAM address/MUX buffer U18M (Sheet 5). The 
Memory Request (ZMREQ) signal from the microprocessor then toggles U23D (Sheet 3) 
via exclusive -OR gate U18J-13 on the next portion of the cycle, sending AMUX low to 
enable the low order address bits (column address) from DRAM address/MUX buffer 
U27M (Sheet 5). The Column Address Strobe High (CASH) and Low (CASL) are 
generated at U27P-18 and U27P-16 (Sheet 3) respectively. CASL, or both CASL and 
CASH, are generated, depending upon the state of latched address (LAO) from the 
microprocessor address latches. The LAO signal is used to address decoder U27D and 
specifies either byte or word mode. In the byte mode, CASL is generated; in the word 
mode, both CASH and CASL are generated. 

During 10 operations, ZIO from the microprocessor is high at gate U23H-2. Flip-flop 
U22B-8 is reset by ZCLK when RAS is generated, enabling U23H-1 and generating WAIT 
for one additional ZCLK period. This additional microprocessor wait state is actually 
required for off-card CIO access, but for logic simplicity it is used for all lO 
operations. Whenever a data byte is written into DRAM, a parity bit is generated by 
parity generators/checkers U23J and U22J (Sheet 4), and is also written into DRAM. 
Whenever a data byte is read from DRAM, the parity is checked by U23Ji and U22J. If a 
high- or low-byte parity is detected, or gate U20J-6 generates a Parity Error (PERROR) 
signal that sets flip-flop U20B-9, producing a low Watchdog Refresh Disable (WDOGR 
DIS) signal. This signal is sent to the CPU I/O buffers (U22A, Sheet 6), where it is 
routed to the Sense Servo Board via connector J5. During diagnostics, the FLMPE 
signal or the FHMPE signal from CIO U20D (Sheet 7) forces a parity error at U22J or at 
U23J, respectively (Sheet A). 

A 64 X 4 bit non-volatile RAM (U25J, Sheet 6), called a NOVRAM, is used to store OCR 
setup data. This data includes unit number, ramp speed, record block size, and 
interface transfer rates. The set-up data is mapped into the NOVRAM by the 
microprocessor, bit by bit, in an EEPROM memory array, from a static RAM memory. 
The set-up data represents the default initialization status of the OCR. A circuit 
consisting of transistors Ql and Q2 and associated discrete components inhibits the 
NOVRAM store line to prevent false store and prevent store errors during power up. 

Control and Management Logic Group 

Control and management of the cache memory is provided by the Memory Management 
Unit (MMU). The MMU consists of a Direct Memory Access (DMA) controller and 
related logic that controls the interfacing of the microprocessor and the host interface 
with the cache RAMs (Sheet 7). Three access channels allow simultaneous loading and 
unloading of the memory. The counter/timer and parallel I/O unit (CIO U2GD) 
interfaces with the microprocessor and provides control signals to the DMA controller. 
Two latches (U17K and U17L) route addresses from the microprocessor to the DMA 
controller. An address decoder (U27J) routes additional control signals from the 
microprocessor to the CPU control logic. 

The MMU logic also contains the DMA Cache DRAM Control, which includes the 
counter/clock logic for the MMU; the Bit-Slice Processor Logic to provide cache 
memory addresses; and the RAS and CAS generation logic for cache DRAM location 
addressing and refresh. 

DMA Control Logic. The DMA control logic (Sheet 7) provides the interface between 
the CPU and the DMA. The CPU and DMA operate asynchronously, with independent 
timing signals, on their respective sides of the interface logic. 
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The DMA control logic consists of a CIO (U20D), two address latches (U17K and U17L), 
and an address decoder (U27J). The CIO routes CPU control signals from the 
address/data lines (ZADO - ZAD7) to the DMA logic. The address latches route DMA 
address (DMAO - DMA15) from the buffered address lines (BADO - BAD15) to the DMA 
cache DRAM control logic. The address decoder decodes four latched address lines 
(LA9, LA13, LA14, and LA15) from the CPU logic and activates one of six output 
control lines. The address decoder signals and their functions are listed in Table 5. The 
CIO control signals and their functions are listed in Table 6, and the CIO output signals 
and their functions are listed in Table 7. 

DMA Cache DRAM Control 

The DMA cache DRAM control logic consists of five interrelated circuits: the 
counter/clock logic; the channel clock generators; the bit-slice processor logic; the 
RASO-3 generation logic; and the CASO-3 generation logic. These circuits provide he 
following functions: 

o Counter/Clock logic - Receives the 10.85-MHz DMA master clock from the 
CPU clock logic and divides this clock by two and four to produce the 5.43- 
and 2.71-MHz operation clocks for CAS/RAS generation, bit-slice processor 
timing, and channel clock generator timing. 

Channel clock generator - Produces three distinct clock phases (A, B, and C) 

that are used to clock three specific channels: Interface, CPU, and R/W. 

o Bit-slice processor logic - Used to emulate a high speed three-channel DMA 
capable of addressing up to 256K bytes of memory. 

RAS and CAS generation logic - Generate the Row Address Strobes (RAS) and 
Column Address Strobes (CAS). RAS causes the row address locations of the 
cache DRAMs to be sensed; CAS causes the column address locations to be 
sensed. CAS controls the three-state output of the DRAMs, independent of 
RAS. RAS causes row refreshes to occur, independent of CAS. 

Counter/Clock Logic. The counter/clock logic consists of counter U16F and clock 
decoder U16H (Sheet 8). Counter U16F receives the 10.85 UB DMA master clock signal 
from the CPU clock logic (Sheet 2), and divides the master clock by two and four to 
produce 5.43 MHz and 2.71-MHz clocks at U16F-3 and U16F-2, respectively. The 
2.71-MHz, 5.43-MHz, and 10.85-MHz clocks are used by the CAS generation logic and 
the bit-slice processor logic. The 2.71-MHz clock is used by the channel clock 
generator (Sheet 9), and the 5.43-MHz clock is routed to the Data and CIF-Write boards 
via connector 33. The three clock signals, 2.71 MHz, 5.43 MHz, and 10.85 MHz, are all 
applied to clock decoder U16H (Sheet 8). The clock decoder produces negative-going 
timing pulses at U16H-15, U16H-13, and U16H-11 that are used by the bit slicer MUX 
logic and the RASO-3 logic. 

Channel Clock Generator. The channel clock generator (Sheet 9) consists of a ring 
counter (U16C-6, U16C-10, and U15C-6) and associated logic devices. The three ring 
counter flip-flops are clocked by the 2.71UB clock from counter U16F in the 
counter/clock logic (Sheet 8). With the three flip-flops in the reset state, the output at 
gate U14C-6 (Sheet 9) is high, causing the output of OR gate U17C to go high and 
setting U16C-6 on the first clock pulse. On the next clock pulse, U16C-6 is set. 
Similarly, U16C-10 is reset on the next clock pulse and U15C-6 is set. With U15C-6 set, 
the high at U17C-10 sends U17C-8 high, causing U16C-6 to again be set on the following 
clock pulse. 
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The three outputs from the ring counter (A, B, and C) are the INTERFACE CLK, CPU 
CLK, and R/W CLK respectively. These signals provide three distinct phases of cache 
operation: interfface (phase A); CPU (phase B); and read/write (phase C). The clocks 
are routed to the CIF-Write and Data boards via connector J3-5D, -52, and -54, 
respectively. 

The clock signals also generate ABUF, BBUF, and CBUF (Sheet 9), v/hich are used to 
address the DMA bit slice devices (Sheet 8). 

Bit Slice Processor Logic 

The bit slice processor logic consists of five bit slice devices, a bit slice multiplexer 
circuit, and associated logic. The bit slice devices generate the DMA addresses; the 
multiplexer circuit routes the addresses to the cache DRAMs. 

Each bit slice device (U3K, U6K, U9K, U12K, and U14K, Sheet 8) has nine input control 
lines (I O-I 8, as show/n for U3K). Hov^/ever, only three lines (I 2, I 3, and I 4) are used in 
the GCR for microinstruction selection. The remaining six lines are held high or low to 
obtain the desired microinstructions as the three active lines are changed. 

Three registers in the bit slice devices are used for DMA addressing. Each register is 
dedicated to a specific DMA address, and is accessed and manipulated during a specific 
clock phase (ABUF, BBUF, and CBUF). The register designators and their respective 
DMA addresses are listed in Table 8. The remaining bit slice registers are not used. 

The functions performed by the registers during their respective clock phases are 
controlled by the microinstructions on the I 3 and I 2/4 lines and by the Carry In (CN) 
line. The input signals to the I 3, I 2/4, and CN lines are generated by data selector 
UIBD (Sheet 9). The data selector receives the DOWN and LOAD signals for the IF, 
CPU, and R/W channels from the CIO (Sheet 7). The DOWN signals specify a count up 
or dow/n command to the bit slice devices; the LOAD signals specify a load or run 
command. The data selector (Sheet 9) is addressed by tv^o of the phase clocks, phase A 
and Phase C, to select the control signals for the IF, CPU, and R/W channels during the 
respective phase. 

The two data selector outputs are applied to gates U17C and U14B. The I 2/4 output 
(U18D-7), when high, specifies a load operation, and sends I 3 high via OR-gate 
U17C-2. The data selector output at U18D-9, when high, specifies a count down, and 
sends I 3 high via U17C-1. When U18D-9 is low, and a load command is not present 
(I 2/4 low), I 3 is low, specifying a count up operation to the bit slice devices. 
Exclusive-OR gate U14B-3 generates a Carry In (CN) input to the bit slice devices when 
either U18D-9 is high or when the input to U14B-1 from the advance MUX (U17H-7) is 
high. 

The advance MUX received WRITE ADV and INTERFACE ADV from the CIF Board and 
READ ADV from the Data Board via connector 33, pins 44, 42, and 43 respectively. 
When any of these signals is high during its respective channel time, the address counter 
in the bit slice devices will advance. 

The bit slice devices receive the DMA addresses (DMA0-DMA17) from the CPU via 
address ports U17L and U17K (Sheet 7). The devices (Sheet 8) receive the 
microinstruction from the data selector on the I 3 and I 2/4 lines, and the Carry In (CN) 
signal from the data selector output XOR gate. The DMA addresses are loaded into the 
bit slice devices when the LOAD microinstruction is sent on the I 3 and I 2/4 lines. 



Three operations are possible using the I 3, I 2/4, and CN lines. These functions are 
listed and described in Table 9. 

The channel clock inputs (ABUF, BBUF, CBUF) to the bit slice devices select the 
appropriate registers (Rl, R2, and R4) for incrementing/decrennenting and for 
outputting via the Y outputs. During an ABUF (Interface) cycle, nothing is done with 
the corresponding address register (Rl, LTAPE address). The bit slice devices output 
the R2 (CPU address) register via the Y outputs and increment or decrement the R4 
(PTAPE address) register. Similarly, during a BBUF (CPU) cycle, nothing is done v/ith 
the corresponding address register (R2), and during a CBUF (R/W) cycle, nothing is done 
with corresponding address register R4. The functions performed by the bit slice 
devices during the three channel clock cycles, and the associated microinstructions, are 
shown in Table 10. 

The Y16 and Y17 outputs of bit slice device U14K are used in the CAS generation logic 
to select the CAS decoder output, as detailed in the CAS generation description. The 
YO - Y15 bit slice device outputs are sent to the bit slice MUX logic. 

The bit slice MUX logic consists of MUX flip-flop U16K-5, latches U6J and U9J, and 
line drivers U3J and U12J. The MUX logic timing is shown in Figure 3-1. MUX flip-flop 
U16K-5 is clocked by the 10.85 UB clock and is initially set when the 5.43 UB clock is 
high. On the next 10.85UB clock pulse, the low U16H-15 pulse at the preset input 
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Figure 3-1. Bit Slicer MUX Logic Timing Diagram 
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(U16K-4) holds the MUX flip-flop in the set state. The flip-flop is reset when a low 
U16H-13 pulse occurs at the reset input (U16K-1). The positive-going edge of the 
U16K-6 (MUX) signal clocks the bit slicer output data (Y0-Y15) into latches U6J and 
U9.]. The negative portion of the MUX signal enables the outputs of latches U9J. The 
negative U16K-5 (MUX) signal enables the outputs of latches U6J. The A0A-A7A and 
A0B-A7B outputs of drivers U3J and U12J, respectively, alternately route the U6J 
outputs (Y0-Y7) and the U9J outputs (Y8-Y15) to the cache DRAMs (Sheet 10). 

The U16K output of the MUX flip-flop is also used to clock flip-flops U16L-5 and 
U16L-9 in the CAS generation logic. 

RAS Generation, Write Enable, and Parity Check Clock Generation Logic (See Figure 
3-2). The RAS generation logic consists of RAS flip-flop U15K-6, inverter U3C-8, and 
four drivers (U15F-12, -14, -16, and -18). The RAS flip-flop is set by the trailing 
(positive-going) edge of the U16H-11 pulse, sending U15K-5 high. This high is inverted 
by U3C-8, and the negative signal generates RAS0-RAS3 at the outputs of RAS drivers 
U1!)F-12, -14, -16, and -18. The RAS flip-flop is cleared by the leading (negative-going 
edge of the pulse. 
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Figure 3-2. RAS Generation, Write Enable, and Parity Check 
Clock Generation Tinning Diagram 
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The output of the RAS flip-flop at U15K-5 is used to clock flip-flops U15L-5 and 
U15L-9 in the CAS generation logic, and the Write Enable flip-flop (U16D-9). When 
Write Enable (WE) from the Read/Write (U18F-7) MUX (Sheet 9) is active (low), U16D-9 
is reset on the next RAS flip-flop clock pulse. The low at U16D-9 (Sheet 8) generates 
WE0-WE3 via drivers U15F-3, -5, -7, and -9. The WE0-WE3 signals are used to enable to 
write function in the cache DRAMs (Sheet 10). 

The outputs of the RAS flip-flop (Sheet 8) are also used to operate the Parity Check 
Clock (P CHECK CLK) flip-flop (U16J-9). The P CHECK CLK flip-flop is toggled by 
the U15K-5, and U15K-6 outputs to produce the P CHECK CLK signal when the output 
of Write Enable flip-flop U16D-9 is high. When U16D-9 is low, the P CHECK CLK 
flip-flop is held in the reset state and P CHECK CLK is not generated. 

CAS Generation Logic. (See Figure 3-3). The CAS generation logic consists of CAS 
flip-flop U16J, gates U15H-3, -6, -8, and -11, and the CAS decoding circuit comprised 
of latches U16L and U15L, and decoder U14J. The CAS flip-flop is clocked by the 
10.85UB clock signal, and is toggled by the 2.71UB pulse. The 2.71UB pulses are applied 
directly to U16J-3, and are inverted by U17J-12 and applied to U16J-2. The CAS flip- 
flop is thus toggled on the trailing edge of the 10.85UB clock following each transition 
of the 2.71UB signal. The CAS flip-flop output at U16J-6, when low, enables one of the 
four CAS gates, U15H-3, -6, -8, or -11, as selected by the CAS decoding logic. 
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Figure 3-3. CAS Generation Timing Diagram 

The CAS decoder output is selected by the Y16 and Y17 bits from the bit slicer logic 
(U14K-36 and -37, respectively). Flip-flops U16L-9 and U16L-5 are clocked by the 
U16K-6 signal from the MUX flip-flop. With Y16 and/or Y17 high, the respective 
flip-flop will be set on the clock pulse. The U16L-9 and U16L-5 outputs are applied to 
flip-flops U15L-12 and U15L-2, which are clocked by the U15K-5 output from the RAS 
flip-flop. The U16L-9 and U16L-5 signals are sent to decoder U14J, which decodes the 
status of the two signals and enables the selected output line. This in turn conditions 
one of the four CAS output gates for the CAS enabling signal from U16J-6. 
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INTERFACE SECTION 

3.3 CIF/WRITE BOARD (PWB 961346-XXX and 962357-XXX) 

The CIF/Write Board performs two independent functions. It contains the circuitry for 
interfacing the host controller with the Cipher interface, and it provides the write 
formatting function. The interfacing section is shown on Sheets 1 through 4 of 
Schematic No. 3; the write formatting logic is shown on Sheets 5 and 6. 

Host Controller Interface 

Commands, status, and data are exchanged between the host controller and the GCR via 
the interface section. The interface signals are all active low. The daisy chain is 
implemented with the pin-to-pin connections of 31 to Jl (Sheet 2). The input signals are 
received by receivers U4D through U8D. These signals are defined in Table 11. The 
write data (IW0-IW7, IWP) is latched by write data latch U5E. The write data is clocked 
into the latch by a Write Strobe (WSTR) from the CIF Write Strobe logic (Sheet 5). The 
tape drive command lines (IREV, IWRT, IWFM, lEDIT, lERASE, and IHISP) are latched 
by tape drive command latch USE, which is clocked by the GO signal when the unit is 
selected and IGO has been received from the host controller. The command signals are 
sent to CIO U13F (Sheet 3), and the coding of these commands causes the tape drive to 
perform specific operations as shown in Table 12. 

The unit address is established by the FADl, FAD2, and FAD3 signals that are latched 
by U13E (Sheet3) from the CPU bus (AD13, AD14, and AD15). The FADl, FAD2, and 
FAD3 signals are applied to XOR gates U5H-1, U5H-9, and U15F-12, respectively (Sheet 
2). The status of the interface address signals (IF AD, ITADO, ITADl) must enable the 
three XOF^ gates to select the unit. (See Table 13 for unit address codes.) When the 
three XOR gate outputs are high, gate U8K-8 is enabled, conditioning gate U12H-11 for 
the initiating IGO signal and generating Function Select (FSEL). FSEL enables the 
output interface drivers (U9D, U9E, UIOD, UlOE, UllD, and UllE), placing the GCR 
status signals on the output lines to the host controller. 

The IGO signal from the host controller is inverted at U12H-11 and, when active, 
enables the addressed unit, generating GO. The GO signal latches the command bits 
into latch USE and generates an interrupt to the CPU via CIO U13F-15 (Sheet 3) to 
indicate an interface command. The GO signal also latches the formatter busy state at 
U6iK-5 (Sheet 2). The output signals from the GCR to the host controller are defined in 
Table 14. 

Cache Memory Interface 

The CIF/Write Board interfaces with the cache memory via connector J3 (Sheet 4). 
Write data (MWDO-7) is routed from the host interface to the cache via write data latch 
U5E (Sheet 2) during a write operation. Read data (MRDO-7, P, Sheet 4) is routed from 
the cache to the host interface via output drivers UIOD, UllD, and UllE (Sheet 2) 
during a read operation. The transfers are synchronized by using the cache memory 
clocks. The cache memory is a three-phase read/write memory with automatic address 
advance. The three phases are Interface, CPU, and Read/Write. The cache memory 
clocks for these phases are INTERFACE CLK, CPU CLK, and R/W CLK (Sheet 4). The 
three phases repeat every 1.57 microseconds. The Interface Board accesses the cache 
during the Interface (ICR) phase, resulting in a 520-nanosecond access every 1.57 
microseconds. 
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The three cache memory clocks are buffered by UID and are then used by the interface 
control logic (Sheet 5). The buffered INTERFACE CLK signal also generates the 
Interface Clock Rate (ICR) signal (Sheet 4), which is used to enable write data buffer 
U4E for transfer of data to the cache during a write operation. The buffered CPU CLK 
(CCR) clocks latch DIE to latch the read data after buffering by U2E during a read 
operation. The CCR clock also clocks the buffered read parity bit (BRDP) into parity 
check flip-flop UIF. 

In the write mode, the cache memory writes whatever data the write data buffer U4E is 
driving on the lines. If Advance Hold (ADV/H) from the Interface Control logic is high 
at U7E-2, the cache memory address counter is incremented after the write. If ADV/H 
is low, continuous writing on each ICR phase occurs to one memory location. 

In the read mode, the cache memory transfers whatever data is in the address specified 
by the address counter to the read buffer (U2E on each ICR phase). If ADV/H is high, 
the address is incremented; if ADV/H is low, the same address is read during each ICR 
phase. 

CPU Interface 

The CPU maintains overall control of the interface logic. Interrupts and interface 
status information are sent to the CPU via the CIO (U13F, Sheet 3) on the Address/Data 
lines (AD0-AD7). The CPU sends control signals to the interface via the AD0-AD7 lines 
to latches UllF, U12F, U13E, and U15E, and decoders U9H and UIOH. The CPU bus is 
interfaced with the CIF/Write Board via octal buffers U14E, U14F, and U15D. 

The CIO performs two control functions by means of three internal CIO counters. Two 
counters are programmed to operate in series, and are initially loaded with the read 
data word count. Each data transfer is counted via the COUNTER 1 INPUT line at 
U13F-13, and the counters are decremented. When the counters are decremented to 
zero, the read data terminal count signal (ITC) is generated at U13F-12, and sent to the 
CIF control logic. The third internal CIO counter is used by the write formatter to 
count data groups for the purpose of inserting a resync burst every 158 data groups. 
The 158 CLK signal from the write formatter is sent to the counter via U13F-20; the 
terminal count for the 158 data groups (158 TC) is returned to the write formatter from 
U13-19. 

The Test Write Data and Test Read Data latches (U9F and U12E) are used during test 
operations. The CPU can direct write operations to the CIF/Write Board write data bus 
or read operations to the read data bus via these latches. 

Data Flow 

Data flows to and from the host controller on the unidirectional read and write data 
buses. The interfacing of these buses with the host controller is described in the Cache 
Memory Interface section. The data flows across the CIF/Write Board unchanged 
except for the insertion of a parity bit in the write mode. During write operations, the 
CRC, ACRC, residual, and pad character bytes are inserted by both OCR and PE data. 
These bytes are inserted by U6F, U7F, U4F, and U3F (Sheet 4) respectively. The data 
flow and check character insertions are controlled by the state machine (UIJ, UIK, 
U2J, U2K, U3J, and U3K), as described in the Data Flow control discussion. 
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The ECC byte is accumulated in ECC generator U5F during seven data transfers on the 
write data bus. The ECC is output to the write data bus during the eighth time period. 
Thesre is no data transfer during the eighth time period. The ECC generator is reset 
with a Reset ECC (RECC) pulse from state machine latch UIJ on the ECC clock 
(CEiCC) for the eighth time period. 

The CRC and ACRC characters are generated similarly in generators U6F and U7F 
respectively. However, these characters are accumulated for a whole block and the 
generators are output and reset at the end. 

The residual character is accumulated in counters U4H and U4J and is gated onto the 
write data bus by octal buffers U4F at the end of each block. When required, pads are 
generated and gated onto the write data bus by octal buffers U3F. 

Read data operations are also controlled by the state machine (UIJ, UIK, U2J, U2K, 
U3J, and U3K) as described in the Data Flow Control discussion. Read operations for 
both GCR and PE data are identical. The read data is transferred from cache memory 
to the interface via the read data bus (RD0-7,P), and to the write formatter via the 
Buffer Read Lines (REDO-7, P). 

Data Flow Control 

The CPU initiates read or write operations on the CIF/Write Board by asserting a Start 
Data Transmission Pulse (SDTP) at output control pulse decoder U9H-9 (Sheet 3). The 
SDTP pulse sets Data Transmission (DT) at interface data transmission latch U8L-5 in 
the CIF control logic (Sheet 5). The DT pulse starts the CIF state machine, which 
consists of three PROMs (UIK, U2K, and U3K, Sheet 4) and three latches (UIJ, U2J, 
and U3J). The state machine controls the data flow and timing for read or write 
operations. When the Data Transmission is completed, the state machine resets the 
interface logic. The DT signal is reset by RDT from UlJ-16 to interface data 
transmission latch U8L (Sheet 5). The CPU is notified of the transmission completion 
by the trailing edge of DT at CIO U13F-32 (Sheet 3). 

The state machine also controls the accumulation of check bits, the insertion of the 
ECC character, and the addition of the CRC and residual data groups. This control is 
maintained by the three PROMs and the output latches in the form of clock and 
enabling signals at the latch outputs (UIJ, U2J, U3J, Sheet 4). 

The interface data transfer rates are controlled by the microprocessor via latch U13E 
(Sheet 3). The output control codes (CCl through CC5) are sent to reduced rate counter 
U13J (Sheet 5). The counter output is gated to produce CNT14, which is routed to the R 
or W maximum rate gates (UlOP) to establish the state Machine Clock (SMCLK). The 
SMCLK signal clocks the CIF control state machine latches (IJ, 2J, 3J, Sheet 4) to 
control the data transfer rate. The CCl through CC5 codings and resulting interface 
data rates are shown in Table 15. 

Write Formatter 

The Write formatter circuitry (Sheet 6), when initiated by the microprocessor, reads 
data from the cache memory, performs GCR or PE write data formatting operations, 
and transmits the data and appended control codes to the head drive circuitry (Sheet 7). 

The command synchro circuit, consisting of latches U4M, XOR gate U5H, and associated 
logic, initiates the operation of the write formatter and synchronizes the 
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microprocessor output signals to the Cache memory three-phase clock. The write 
formatter is initiated by the Write Formatter Load Command (WFLC) at U4M-3. WFLC 
is a negative pulse that clears U4M-9 and then sets U4M-5 on the positive-going trailing 
edge of the pulse placing a high at U4M-12. The Read Write Clock Rate (RWCR) clock 
is applied to XOR gate U5H-5 where it is XORed with the inverted Word Formatter 
Control Bit 3 (WFB3) signal (GCR/PE) from the microprocessor. During a GCR 
operation (GCR/PE high), the UH5-6 clock pulses occur on the trailing edge of the 
RWCR clock; during a PE operation (GCR/PE low), the U5H-6 clock pulses occur on the 
leading edge of the RWCR clock. 

The first U5H-6 clock pulse after the WFLC pulse sets latch U4M-9, enabling the Word 
Formatter Control Bits (WFB0-WFB3) line receivers U2L and clearing latch U4M-5. The 
second U5H-6 pulse clears latch U4M-9, enabling the latch UlN outputs and initiating 
the operation of the state controller, consisting of PROMs UIM, U2M, and U3M and 
latches UlN, U2N, and U3N. The latches are clocked by the U5H-6 clock pulses. 

The general operation of the write formatting circuitry is then controlled by the state 
controller logic. The state controller either PE or GCR write formatting operations, as 
dictated by the state of Write Formatter Control Bit 3 (WFB3). 

For GCR operations, the state controller outputs the 158 CLK signal to the CIG (U13F, 
Sheet 3) and inserts the 158 resync first when the CIO returns the 158 TC (158 Terminal 
Count) signal. The state controller produces the timing and control levels for the 
preamble, postamble, and control codes. The programmable logic arrays (PLA) (U5R 
through U12R) perform the 4-to-5 conversion, generate codes for the resync burst, the 
preamble, the postamble, control codes, and modulation for the GCR. 

For PE operations, the state controller performs general control for the overall 
operation, and provides timing and control levels for the preamble, postamble, and 
control codes. The PLAs generate the codes for the preamble, the postamble, and 
control codes and performs part of the PE modulation. The balance of the PE 
modulation is done with flip-flops (two per channel) in the write drive circuitry (Sheet 
7). 

3.4 DATA BOARD (PWB 961420-XXX) 

The Data Board contains PE and GCR read amplifiers and read formatting logic. The 
read heads interface directly with the Data Board. The board provides the following 
functions: 

Read Data Detection and Amplification 

Read Data and Read Clock Recovery 

Read State Machine Control 

o Read Data Deskew Buffering 

o GCR Read Data Five-Bit to Four-Bit Conversion 

o Read Channel Error Logging 

The Data Board contains the following logic circuits to perform these functions: 

o Read Amplifier 

o Phase Lock Loop 

Deskew Buffer Logic 

o Channel State Machine 

Master State Machine 
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o Clock Generation Logic 

o Block Detection Logic 

o Cache Bus Interface 

The handling of both PE and GCR density read data is comnnon for the Read Amplifier, 
Phase Lock Loop, and Deskew Logic. Data from each of the nine channels is handled 
independently through the Deskew Logic, and is then aligned into 9-bit characters and 
synchronously clocked into the cache memory. The Channel State Machine is each 
channel controls the read format functions, and the Master State Machine directly 
controls the Channel State Machines. The Master State Machine is, in turn, controlled 
by the microprocessor located on the CPU/MMU Board. 

A detailed description of each of the Data Board logic circuits follows. Refer to 
Schematic No. 4. 

Read Amplifier 

The Read Amplifier (Sheets 2, 3, 4) is a semi-custom device that integrates all read 
data amplification functions for one complete channel. A separate Read Amplifier is 
used for each of the nine read data channels. The following discussion covers the Read 
Amplifier (U15K) data channel 2 (Sheet 2). The Read Amplifiers for the remaining 
channels function identically. 

Inputs from the read head (RPHD and RMHD) are received at pins 21 and 22 
respectively. The Voltage Comparator (VCOM) signal at pin 7, from the Digital-to- 
Analog Converter (DAC) on the Sense/Servo Board, sets the threshold level for the 
detection of flux transitions. The RDROP2 signal indicates that a flux tansition has not 
been detected for four consecutive read times, and is sent to the Voltage-Controlled 
Oscillator (VCG) in the Phase Lock Loop to halt the read operation and generate a 
channel error signal. The RDPLS2 signal occurs on each detected transition, and is sent 
to the VCG to indicate that a transition has occurred. The RDATA2 signal is sent to 
the skew test point logic (Sheet 2) for skew summing. 

Phaise Lock Loop 

The Phase Lock Loop (Sheets 5 through 13) receives the detected flux transition signal 
from the Read Amplifier and, through a group of one-shot multivibrators and associated 
logic devices, conditions the signal for the deskew logic. As in the case of the Read 
Amplifiers, a separate Phase Lock Loop is used for each of the nine channels. The 
following discussion covers the Phase Lock Loop for the channel 2 (Sheet 8). The Phase 
Lock Loops for the remaining channels function identically. 

A VCG, together with associated components, continually cycles to provide a phase 
reference for the read signaL The freguency of the VCG is initially set by 
potentiometer R519. When in the GCR mode, the low P/G signal enables FETs U14J, 
which change the charge on capacitors C508, C509, C503,and C504 to speed up the 
frequency of the VCG. 

A flux transition is indicated by a low RDPLS2 signal from the read amplifier. This 
signal turns on multivibrator U14K-13, which sends a high to the CLR input of latch 
U12K-13, enabling the latch. If the flux transition has occurred before U14K-5 in the 
VCG has been turned on, U12K is clocked by the U14K-12 signal, sending a low from 
U12K-8 to the pump down (PD) input of U12J. This indicates a data early condition. If 
U14K-5 in the VCG is turned on before the RDPLS2 signal is received, U12K is clocked 
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by U14K-4 signal when RDPLS2 is received, sending U12K-6 low. The U12K-6 signal is 
applied to the pump up (PU) input of U12J to indicate a data late condition. 

The PU or PD input to U12J causes the output at U12J-8 to increase or decrease, 
respectively. This changes the voltage levels to the VCO connponents, increasing or 
decreasing the frequency of the VCO in accordance with the data early or data late 
condition. 

When U14K-13 is turned on by the RDPLS2 signal, the low at U14K-4, indicating a flux 
transition, clocks latch UllK-5, setting the latch. Multivibrator U13K-5, when turned 
on by the VCO, clocks the data bit into latch UllK-12 synchronizing the read pulse with 
the VCO and producing Synchronized Data (5D) at UllK-9. 

When the RDROP2 signal is active (low), indicating that a flux transition has not been 
detected for four character read times, an error condition is signalled. This error 
condition is common to both PE and GCR recording techniques, since in PE a flux 
transition occurs at each read time, and in GCR, no more than two consecutive zeros 
can occur. The RDROP2 signal holds U14K-13 clear, and signals a channel error to the 
channel state machine via gate U9K-6 and latch UlOD-7. 

Deskew Buffer Logic 

The SD bits are sent to FIFO buffers UIOJ and U9J. Each FIFO is 16 bits deep. When 
FIFO U9J is full, it sends a low Channel Read (CHRDY2) signal to the master state 
logic to indicate that data is ready for transfer. The FIFO is clocked by the FIFOCLK 
from the clock generation logic, which is common to all channels, when gate U9K-11 is 
enabled by ENAFIFO from the channel state logic. The data is transferred serially to 
latches U8J in the channel state machine. 

When FIFO U9J is full, the SD bits are accumulated in FIFO UIOJ. If the data is not 
transferred from U9J, and UIOJ becomes full, the signal from UlDJ-2 (IR) becomes 
active (low), signalling an error condition. Latch UlOK-5 is reset on the next RDC 
clock pulse from the phase lock loop, generating an OVERFLOW signal. The 
OVERFLOW signal initiates a channel error signal in the channel state logic via gate 
U9K-6 and latch UlOD-7. 

Channel State Machine 

The channel state machine consists of latches U8J, PROM U7J, and associated logic. 
The channel state machine is controlled by A, B, and C signals from the master state 
machine to PROM U7J, which dictate the method by which the data is processed and 
output. The channel state machine can detect an end mark (ENDMK), which would not 
be output on the cache bus, a MK2, a PE postamble (PEP2), or data. When data is 
specified, it is processed by the channel state machine and output to the master state 
machine for transfer on the cache bus. The channel state machine also performs the 
5-to-4-bit conversion function for GCR data. 

The U8J latches are clocked by State Clock A (STCLKA) from the clock generation 
logic, and receive the data serially from the deskew buffer logic at U8J-17. When 
PROM U7J is instructed by signals, A, B, and C from the master state machine that a 
GCR data transfer is occurring, the first data bit received by U7J and U8J is shifted 
upward and returned to U8J-3 on the next clock pulse. Each data bit is similarly shifted 
upward until the fifth data bit is received. PROM U7J then shifts four data bits out 
serially to gate U18K-1, to generate SRDATA2 at U8K-3. The decoded data is sent to 
the cache bus interface logic for transfer to the cache. 
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When a channel error is detected, PROM U7J receives the error indication signal at 
U7J-1, and generates the CHERR2 signal at U8M-11. When the data pattern received 
by PROM U7J indicates an end mark or a MK2/PEP2, the resulting signals are generated 
at U8M-10 and -9 respectively. The CHERR2, EMK2, and MK2/PEP2 signals are sent to 
the master state machine logic- 
Master State Machine 

The master state machine (Sheet 14) controls the processing of the individual channels 
via the A, B, and C signals, and generates flags to the CPU to indicate format and 
status. The master state machine consists primarily of voting PROMs U5J, U6H, and 
U6G; EPROMs U3G and U4G; CIO U5B; and related gates, latches, and processing logic. 

The channel ready (CHRDYO - CHARDY7, CHRDYP) signals are latched at U6J and 
U5H, and sent to voting PROM U5J. When a minimum of seven channels indicate a 
ready condition via the respective channel ready signals, voting PROM U5J generates 
Data Ready (DRDY). DRDY is sent to EPROMs U3G and U4G via latch U4H-12 to 
indicate that data is ready to be transferred in all deskew buffer logic FIFOs. 

Similarly, End Marks (EMKO - EMK7, EMKP) and Mark 2/PE postamble detected 
(MK2/PE0 - MK2/PEP7, MK2/PEPP) inputs from the individual channels are received by 
voting PROMs U6H and U6G, respectively. When PROM U6H detects a minimum of 
seven channels specifying an End Mark, or PROM U6G detects a minimum of seven 
channels specifying a MK2 or PE postamble detected, the respective PROM generates 
an EMK/PEO or MK2/PE1 signal. 

A priority encoder (U5G) receives EMK/PEO and MK2/PE1 Block Detect Delay 
(BLKDY), as well as, Block Detect (BLOCK DET), and Pad Count (PADCNT). The 
ENMASTEF^ signal is generated by the CPU and routed to latch U4H via CIO U5B. This 
signal is used to enable the master state machine during a read operation. The BLOCK 
DET signal is sent from the block detect logic to indicate that data has been detected 
and that read operations should be initiated by the master state machine. BLOCK DET 
enables the operation of the priority encoder. The PADCNT signal is generated during 
PE operations and is used to pad the eighth character during a PE read function. 

Priority encoder U5G encodes the five input signals to enable output line AO or Al. 
These lines, via XOR gates UlG-3 and -6, are latched by U4H, v/hich also latches status 
signals Data Ready (DRDY) from voting PROM U5J, FWD/REV from the CPU via CIO 
U5B, and PE/GCR, also from the CPU via the CIO. 

These signals are sent to master state machine EPROMs U3G and U4G. The EPROMs 
generate control signals A, B, and C to the channel state machines via latches UIH, and 
format/status signals to the CPU via latch U2H and the CIO. 

The CIO communicates with the CPU via the bi-directional CPU bus consisting of lines 
AD0-AD7. These lines are buffered by buffers U6A and are routed to and from the 
CPU/MMU Board via connector 35. Control signals for the CIO are received via 
connector 35 and buffers U5A. The status and control signals sent between the CPU 
and the Data Board via the CIO are listed and described in Table 16. 

The synchronized read data (SRDATA0-SRDATA7) from the individual channels is 
latched at U4C and routed to the cache bus interface logic via buffered read data lines 
BRDATA0-BRDATA7. The parity bit (SRDATAP) is latched at U4E-9 and routed to the 
cache bus interface via the BRDATAP line. 
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Clock Generation Logic 

The clock generation logic (Sheet 15) receives four clock signals from the MMU portion 
of the CPU/MMU Board via connector J3 (Sheet 14), as follows: 

o CLD542 - The 5.42-MHz clock 

o CLK271 - The 2.71-MHz clock 

o R/WCKL - The read/v^/rite clock 

CPUCLK - The basic CPU clock signal 

The clock generation logic (Sheet 15) synchronizes these four clocks to produce five 
basic clock signals that are used to control the operations of the data board. These five 
clocks are the FIFOCLK, CLK542, and master state machine clocks A, B, and C 
(STCLKA, STCLKB, and STCLKC). 

Block Detection Logic 

The block detection logic detects recorded tape and signals the master state machine 
and the CPU via the BLOCK DET line. The RDROPO - REDOP7 and RDROPP signals 
from the read amplifier are received by PROM U6F-1. When data is detected on one or 
more of the channels, the respective RDROP signal is high. When no data is detected, 
all RDROP signals are lov/, and the U6F-1 PROM output holds flip-flop U4F reset via 
amplifier netv/ork U5F-13. This holds the BLOCK DET signal low, indicating that no 
data is recorded on the tape. When one or more of the RDROP signals is high, flip-flop 
U4F-10 is set, sending BLOCK DET high to indicate that recorded data is present on the 
tape. 

Cache Bus Interface 

The cache bus interface logic consists of nine gates (U3C, U4B, and U3B), line drivers 
U4A, and parity checker U3A. The gates are enabled by the high PEPAD signal from 
the master state machine. The gates receive the Buffered Read Data (BRDATAO - 
BRDATA7, and BRDATAP) from the master state machine logic. When the gates are 
enabled by PEPAD, the data is routed via the line drivers and connector J3 to the cache 
on the MWDO - MWD7, MWDP lines. During PE operation the PEPAD signal goes low 
every eight character count, inhibiting the gates and placing all zeroes on the output 
lines. 

Parity checker U3A receives the BRDATAO - BRDATA7, BRDATATAP signals and 
checks for a parity error. If an error is detected. Vertical Redundancy Check Error 
(VRCERR) is generated and sent to the CPU via CIO U5B (Sheet 14) to flag the error. 

3.5 SENSE/SERVO BOARD (PWB 962832-XXX and 962810-XXX) 

The Sense/Servo Board is a multiple-function PWB that contains the following circuits: 

o Voltage sourcing and regulation 

Sensor signal processing 

o Mechanical actuations/drivers 

Erase/Write Head drive 

o Compliance arm position sensing 

Analog-to-Digital Converter 

o Supply reel servo driver 

o Take-up reel servo driver 
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o Operator Panel interface 

o Alphanumeric Display Panel interface 

o Communication control 

All top plate connections, except for data to and from the head, are made through the 
Sense Servo Board. The board provides voltage for all other system boards, and all 
direct external communications are made through the board via the Operator Control 
Panel, Alphanumeric Display Panel, or Serial Interface. 

The following detailed descriptions of the Sense/Servo Board functions are based on 
Schematic No. 5. All sheet number references in the description refer to sheet numbers 
of that figure. 

Voltage Sourcing and Regulation (See Sheet 2) 

Voltage sourcing and regulation is performed on the Sense/Servo Board. Unregulated 
input voltages are received from Pow/er Supply Module PSl via connector Jl. A 3525A 
integrated circuit (U5G) is used to achieve switching regulation. The switching 
frequency of 25 kHz is determined by resistor R59 and capacitor C54. The 3525A drives 
a push-pull power stage consisting of transistors Ql, and Q2, which actuate current 
boost transformer Tl. 

Voltage regulation is taken from the secondary of the transformer Tl 5-volt tap after 
frequency filtering through inductor L4 and capacitor C6. The +5-volt transformer 
output is rectified and sent to all system logic via connector P4. 

Monitoring of the unregulated 57V do input is done through comparator U3E. If the 
input drops below 38V dc, U3E will shut down the switching regulator U5G. In addition, 
one-shot U5E will send a power-on reset signal (PWR RES) to the microprocessor when 
power is applied. 

Sensor Signal Processing (See Sheet 3) 

The sensor input signals are received at J7 and J8, and consist of the following: 

Take-up reel tachometer 

o Door sensor 

o File protect sensor 

o Beginning-of-tape (BOT) sensor 

o End-of-tape (EOT) sensor 

o Tape-in-path sensor 

The sensor input signals are detected, shaped, and processed through comparators U2K 
and U16H. The resulting TTL-compatible signals, with the exception of the tachometer 
outputs, are fed directly to CIO U6A (Sheet 7) for processing by the microprocessor. 
The tachometer outputs (TPO and TPl) are pulse-shaped and conditioned by UllE and 
U12H (Sheet 7) before being routed to the CIO. 

Mechanical Actuators/Drivers (See Sheet 3) 

The following functions are controlled by the Sense/Servo Board: 

o Blower motor 

Door lock solenoid 

o Hub lock solenoid 
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The Blower (BLWR), Door Lock (DRLK), and Hub Lock (HBLK) signals are sent from the 
microprocessor via CIO U14A (Sheet 7). The BLWR signal controls the blower motor 
through transistor Q8; the DRLK signal controls the door lock solenoid through driver 
U9H-4 and transistor Q14; and the HBLK signal controls the hub lock solenoid through 
driver U9E-8 and transistor QIO. 

Erase/Write Head Drive Circuits (See Sheet 3) 

The system uses three separate magnetic head assemblies; the erase head, the early 
erase head, and the write head. The drive circuits for these heads are located on the 
Sense/Servo Board. The drive circuits are controlled by signals from the microprocessor 
sent via CIO U14A (Sheet 7). The Erase Head 1 Enable (EHIEN) signal controls the 
operation of the erase head drive circuitry, which consists of driver U7C-12, transistor 
Q7, and related discrete components. The Write Enable (WEN) and 6250 signal control 
the operation of the write center tape head drive circuitry, which consists of transistors 
Q9, QIO, Q50, and Q51; and related discrete components. 

Compliance Arm Position Sensing (See Sheet 3) 

Signals indicating the position and rate of change of position of the compliance arm are 
generated by the compliance arm sensing logic. The compliance arm drive signal is 
derived from the 40 kHz SERVCLK output of CIO U14A-19 (Sheet 7) by drivers U16N-4 
and -6; operational amplifiers U16K-12 and -6; and related discrete components. A 
variable capacitor couples the compliance arm sense signal (ARMSNS) to U16K-6, where 
the arm position (ARMPOS) signal is generated. The ARMPOS signal is routed to the 
Analog-to-Digital Converter (Sheet 4) via multiplexer UIOE. The ARMPOS signal is 
also applied to differentiation circuit at U16K-8, consisting of U16K-10, U16L-4 and 
related discrete components. The output at U16K-3, Arm Division (ARMDIV), is also 
sent to the Analog-to-Digital Converter (Sheet 4) via multiplexer UIOE to indicate the 
rate of change of the position of the compliance arm. 

Analog-to-Digital Converter (See Sheet 4) 

The Analog-to-Digital Converter (ADC) provides communications between various 
analog signals and the microprocessor. The ADC consists of ADClOOl (U13E) and two 
4051 multiplexer (UIOE). The following analog lines are multiplexed and digitized for 
transmission to the microprocessor: 

o +12V 

o -12V 

+5V 

+57V 

Write Center Tap Voltage (WCTV) 

Take-up Motor Voltage/Current (TMV/TMI) 

Supply Motor Voltage/Current (SMV/SMI) 

o Arm Division (ARMDIV) 

o Arm Position (ARMPOS) 

The signal to be sampled is selected by the A, B, C address signals from CIO U14A. The 
selected signal, after digitizing by U13E is routed to the microprocessor on the higher 
order byte of the processor address/data bus (AD8-AD15). 



3-22 



Digital-to-Analog Converter (See Sheet 4) 

The Digital-to-Analog Converter (DAC) provides communication between the 
microprocessor bus and various analog signals. The DAC consists U12A, a 4051 
dennultiplexer (UlOA), differential amplifiers (UllA-1 and UllA-7), voltage followers 
(USA and U8B), and related discrete components. The following analog functions are 
generated by the DAC: 

o Supply Motor Current (ISU) 

Take-up Motor Current (ITU) 

o Read Amplifier Voltage Threshold (ITHR) 

The DAC receives bits AD6 and AD7 and the high order byte (AD8-AD15) of the 
processor address/data bus. The analog output is available at UllA-7, and is sent to 
dennultiplexer UlOA for selection. The demultiplexer is enabled by the MDAC signal 
from CIO U14A-33 (Sheet 7), and the output signal of the demultiplexer is selected by 
the A, B, C address signals from U14A-32, -31, and -30. The selected demultiplexer 
output signal is clamped by one of the high impedance voltage followers (USA or USB). 
The selected output charges the associated capacitor (C71 through C73 and C266) to the 
desired value, and since the demultiplexer output returns to a very high impedance 
state, the capacitor retains that value until the next refresh time. 

Supply Reel Servo Driver (See Sheet 5) 

The ISU signal from the DAC (Sheet 4) is the drive signal (supply current) for the supply 
reel servo driver. The ISU signal is applied to U15S where it is filtered. The signal is 
then modulated by a 20 kHz sawtooth (f+ and f-) at comparators U15T. The sawtooth is 
generated by U15R and U15S from a 40 kHz Servo Clock (SERVCLK) signal initiated by 
CIO U14A-19 (Sheet 7). The pulse-width-modulated signals from U15T-1 and U15T-2 
are applied to the gating network of U7T. If the ISU signal was negative, specifying 
forward reel movement, the signals from U17T-6 and U17T-8 are sent to driver 
transistors Q44 and Q45. The ISU was low, specifying reverse reel movement, the phase 
difference will result in reverse motion. The driver transistors feed an H-bridge power 
driver comprised of transistors Q35, Q36, Q37, Q38, and their related components, 
which drive the supply motor through inductors LS and L9 and motor breaking relay 
Kl. Voltage feedback is provided by comparator U6W-3, which generates the Servo 
Motor Voltage (SMV) signal that is sent to the Analog-to-Digital Converter (Sheet 4) for 
digitizing and routing to the microprocessor. Current feedback is provided by U6W-10, 
which generates Servo Motor Current (SMI) for routing to the microprocessor via the 
Analog-to-Digital Converter. 

Current limit protection is provided by comparator network U8W. When the servo 
motor current exceeds its maximum limit, the High Current (HII) signal at U17R-4 
(Sheet 6) goes low. This inhibits the U17T gating network, causing the servo drive to 
shut down. 

Further shutdown protection is provided by the Watchdog Timer logic (Sheet 6). If the 
+5V drops too low, the Servo Enable 2 (SERV EN 2) signal at U17S-8 goes low. This 
shuts off transistor Qll, deenergizing relay Kl and shutting down the servo drive. 

Take-up Reel Servo Driver (See Sheet 6) 

The operation of the take-up reel servo driver is similar to that of the supply reel servo 
driver. The ITU signal from the DAC (Sheet 4) is the drive signal (supply current) for 
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the take-up reel servo driver. The ITU signal is applied to U15V-6 where it is filtered. 
The signal is then modulated by the 20 kHz sawtooth (f+ and f-) from the supply reel 
servo driver logic at comparators U15P. The pulse-modulated signals from U15P-13 and 
U15P-14 are applied to the gating network of U17P-9 and U17P-3. If the ITU signal was 
negative, specifying forward reel movement, the signals from U17T-6 and U17T-8 are 
sent to driver transistors Q40 and Q41; the phase difference will result in forward 
motion. The driver transistors feed an H-bridge power driver comprised of transistors 
Q31, Q32, Q33, Q34, and their related components, which drive the take-up motor 
through inductors L7 and L6 and motor breaking relay Kl. Voltage feedback is provided 
by comparator U6W-4, which generates the Take-up Motor Voltage (TMV) signal that is 
sent to the Analog-to-Digital Converter (Sheet 4) for digitizing and routing to the 
microprocessor. Current feedback is provided by comparator U6W-12, which generates 
Take-up Motor Current (TMI) for routing to the microprocessor via the Analog-to- 
Digital Converter. 

Current limit protection is provided by comparator network U8W. When the Take-up 
Motor Current exceeds its maximum limit, the High Current (HII) signal at U17R-4 goes 
low. This inhibits the U17P gating network, causing the take-up servo drive to shut 
down. 

The take-up motor drive also has the further shutdown protection of the Watchdog 
Timer logic detailed in the description of the Supply Reel Servo Driver. 

Operator Panel Interface (See Sheet 4) 

The Sense/Servo Board processes control signals that operate a power switch, a power 
on indicator, and six tactile membrane switches with five associated light emitting 
diodes (LEDs) on the Operator Control Panel. The LEDs are controlled by the LOAD, 
UNLOAD, ON-LINE, WRT EN, and HI DEN signals from CIO U16A (Sheet 7) through 
drivers U15E. The switches are sensed by a resistor divider circuit and the same CIO 
lines that drive the LEDs. 

Alphanumeric Display Panel Interface (See Sheet 7) 

The Alphanumeric Display Panel contains an eight-character (ASCII) fourteen-segment 
display and three density display LED bars. When the alphanumeric display or LED 
display address is decoded by U12E (DSPSL or LEDSL, respectively), data is sent to the 
selected display via drivers U14E and U14F on the BAD0-BAD5 lines. 

Communication Control (See Sheet 7) 

Communications between the Sense/Servo Board and the microprocessor is 
accomplished by reading and writing to memory locations corresponding to six memory- 
mapped input/output devices. These devices are the two CIOs (U14A and U16A), the 
Analog-to-Digital Converter (U13E), the Digital-to-Analog Converter (U12A), and the 
density and alphanumeric displays located on the Alphanumeric Display Panel. 
Addresses within the Sense/Servo Board memory space are latched by latch U12C and 
decoder by U12E. After decoding, the active output of U12E enables the selected I/O 
device. 

3.6 DATA BOARD (PWB 962789-XXX) 

The Data Board contains PE and GCR read amplifiers and read formatting logic. The 
read heads interface directly with the Data Board. The board provides the following 
functions: 
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o Read Data Detection and Amplification 

Read Data and Read Clock Recovery 

o Read State Machine Control 

o Read Data Deskew Buffering 

o GCR Read Data Five-Bit to Four-Bit Conversion 

o Read Channel Error Logging 

The Data Board contains the follow/ing logic circuits to perfornn these functions: 

Read Amplifier 

o Phase Lock Loop 

o Deskew Buffer Logic 

o Channel State Machine 

o Master State Machine 

o Clock Generation Logic 

o [31ock Detection Logic 

o Cache Bus Interface 

The handling of both PE and GCR density read data is common for the Read Amplifier, 
Phase Lock Loop, and Deskew Logic. Data from each of the nine channels is handled 
independently through the Deskew Logic, and is then aligned into 9-bit characters and 
synchronously clocked into the cache memory. The Channel State Machine in each 
channel controls the read format functions, and the Master State Machine directly 
controls the Channel State Machines. The Master State Machine is, in turn, controlled 
by the microprocessor located on the CPU/MMU Board. 

A detailed description of each of the Data Board logic circuits follows. Refer to 
Schematic No. 6. 

Read Amplifier 

The Read Amplifier (Sheets 2, 3, 4) is a semi-custom device that integrates all read 
data amplification functions for one complete channel. A separate Read Amplifier is 
used for each of the nine read data channels. The following discussion covers the Read 
Amplifier (U26K) data channel 2 (Sheet 2). The Read Amplifiers for the remaining 
channels function identically. 

Inputs from the read head (RPHD and RMHD) are received at pins 21 and 22 
respectively. The Voltage Comparator (VCOM) signal at pin 7, from the Digital-to- 
Analog Converter (DAC) on the Sense/Servo Board, sets the threshold level for the 
detection of flux transitions. The RDROP2 signal indicates that a flux tansition has not 
been detected for four consecutive read times, and is sent to the Voltage-Controlled 
Oscillator (VCG) in the Phase Lock Loop to halt the read operation and generate a 
channel error signal. The RDPLS2 signal occurs on each detected transition, and is sent 
to the VCG to indicate that a transition has occurred. The RDATA2 signal is sent to 
the skew test point logic (Sheet 2) for skew summing. 

Phase Lock Loop 

The Phase Lock Loop (Sheets 5 through 13) receives the detected flux transition signal 
from the Read Amplifier and, through a group of one-shot multivibrators and associated 
logic devices, conditions the signal for the deskew logic. As in the case of the Read 
Amplifiers, a separate Phase Lock Loop is used for each of the nine channels. The 
following discussion covers the Phase Lock Loop for the channel 2 (Sheet 8). The Phase 
Lock Loops for the remaining channels function identically. 
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A VCO, together with associated components, continually cycles to provide a phase 
reference for the read signal. The frequency of the VCO is initially set by 
potentiometer R519. When in the GCR mode, the low P/G signal enables FETs U25J, 
which change the charge on capacitors C508, C509, C503,and C504 to speed up the 
frequency of the VCO. 

A flux transition is indicated by a low RDPLS2 signal from the read amplifier. This 
signal turns on multivibrator U25K-13, which sends a high to the CLR input of latch 
U23K-13, enabling the latch. If the flux transition has occurred before U25K-5 in the 
VCO has been turned on, U23K is clocked by the U25K-12 signal, sending a low from 
U23K-8 to the pump down (PD) input of U23J. This indicates a data early condition. If 
U25K-5 in the VCO is turned on before the RDPLS2 signal is received, U23K is clocked 
by U25K-4 signal when RDPL52 is received, setting U23K-5 and sending U23K-6 low. 
The U23K-6 signal is applied to the pump up (PU) input of U23J to indicate a data late 
condition. 

The PU or PD input to U23J causes the output at U23J-8 to increase or decrease, 
respectively. This changes the voltage levels to the VCO components, increasing or 
decreasing the frequency of the VCO in accordance with the data early or data late 
condition. 

When U25K-13 is turned on by the RDPLS2 signal, the low at U25K-4, indicating a flux 
transition, clocks latch U22K-5, setting the latch. Multivibrator U24K-5, when turned 
on by the VCO, clocks the data bit into latch U22K-12, synchronizing the read pulse 
with the VCO and producing Synchronized Data (SD) at U22K-9. 

When the RDROP2 signal is active (low), indicating that a flux transition has not been 
detected for four character read times, an error condition is signalled. This error 
condition is common to both PE and GCR recording techniques, since in PE a flux 
transition occurs at each read time, and in GCR, no more than two consecutive zeros 
can occur. The RDROP2 signal holds U25K-13 clear, and signals a channel error to the 
channel state machine via gate U9K-6 and latch UlOD-7. 

Deskew Buffer Logic 

The SD bits are sent to FIFO buffers U21H and U20H. Each FIFO is 16 bits deep. When 
FIFO U20H is full, it sends a low Channel Read (CHRDY2) signal to the master state 
logic to indicate that data is ready for transfer. The FIFO is clocked by the FIFOCLK 
from the clock generation logic, which is common to all channels, when gate U9K-11 is 
enabled by ENAFIFO from the channel state logic. The data is transferred serially to 
latches U8J in the channel state machine. 

When FIFO U20H is full, the SD bits are accumulated in FIFO U21H. If the data is not 
transferred from U20H and UIOJ becomes full, the signal from U21H-2 (IR) becomes 
active (low), signalling an error condition. Latch U21J-5 is reset on the next RDC clock 
pulse from the phase lock loop, generating an OVERFLOW signal. The OVERFLOW 
signal initiates a channel error signal in the channel state logic via gate U20J-6 and 
latch U21D-7. 

Channel State Machine 

The channel state machine consists of latches U19H PROM U18J and associated logic. 
The channel state machine is controlled by A, B, and C signals from the master state 
machine to PROM U18J which dictate the method by which the data is processed and 
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output. The channel state machine can detect an end mark (ENDMK), which would not 
be output on the cache bus, a MK2, a PE postamble (PEP2), or data. When data is 
specified, it is processed by the channel state machine and output to the master state 
machine for transfer on the cache bus. The channel state machine also performs the 
5-to-4-bit conversion function for GCR data. 

The U19H latches are clocked by State Clock A (STCLKA) from the clock generation 
logic, and receive the data serially from the deskew buffer logic at U19H-7. When 
PROM U18J is instructed by signals, A, B, and C from the master state machine that a 
GCR data transfer is occurring, the first data bit received by U18J and U19H is shifted 
upv/ard and returned to U19H-3 on the next clock pulse. Each data bit is similarly 
shifted upward until the fifth data bit is received. PROM U18J then shifts four data 
bits out serially to gate UlBK-l, to generate 5RDATA2 at U8K-3. The decoded data is 
sent to the cache bus interface logic for transfer to the cache. 

When a channel error is detected, PROM U18J receives the error indication signal at 
U18J-1, and generates the CHERR2 signal at U19M-11. When the data pattern received 
by PROM U18J indicates an end mark or a MK2/PEP2, the resulting signals are 
generated at U19M-10 and -9 respectively. The CHERR2, EMK2, and MK2/PEP2 signals 
are sent to the master state machine logic. 

Master State Machine 

The master state machine (Sheet 14) controls the processing of the individual channels 
via the A, B, and C signals, and generates flags to the CPU to indicate format and 
status. The master state machine consists primarily of voting PROMs U12J, U15H, and 
Ul^JG; EPROMs U5G and UlOG; CIO U12B; and related gates, latches and processing 
logic. 

The channel ready (CHRDYO - CHARDY7, CHRDYP) signals are latched at U15J and 
U12H, and sent to voting PROM U12J. When a minimum of seven channels indicate a 
ready condition via the respective channel ready signals, voting PROM U.12J generates 
Data Ready (DRDY). DRDY is sent to EPROMs U5G and UlOG via latch UlOH-12 to 
indicate that data is ready to be transferred in all deskew buffer logic FIFOs. 

Similarly, End Marks (EMKO - EMK7, EMKP) and Mark 2/PE postamble detected 
(MK2/PE0 - MK2/F'EP7, MK2/PEPP) inputs from the individual channels are received by 
voting PROMs U15H and U15G, respectively. When PROM U15H detects a minimum of 
seven channels specifying an End Mark, or PROM U15G detects a minimum of seven 
channels specifying a MK2 or PE postamble detected, the respective PROM generates 
an EMK/PEO or MK2/PE1 signal. 

A priority encoder (U12G) receives EMK/PEO and MK2/PE1 Block Detect Delay 
(BLKDY), as well as, Block Detect (BLOCK DET), and Pad Count (PADCNT). The 
ENMASTER signal is generated by the CPU and routed to latch U12G via CIO U12B. 
This signal is used to enable the master state machine during a read operation. The 
BLOCK DET signal is sent from the block detect logic to indicate that data has been 
detiBcted and that read operations should be initiated by the master state machine. 
BLOCK DET enables the operation of the priority encoder. The PADCNT signal is 
generated during PE operations and is used to pad the eighth character during a PE read 
function. 
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Priority encoder U12G encode the five input signals to enable output line AO or Al. 
These lines, via XOR gates UlG-3 and -6, are latched by UIOH, which also latches 
status signals Data Ready (DRDY) from voting PROM U12J, FWD/REV from the CPU 
via CIO U12B, and PE/GCR, also from the CPU via the CIO. 

These signals are sent to master state machine EPROMs U5G and UIOG. The EPROMs 
generate control signals A, B, and C to the channel state machines via latches UIH, and 
format/status signals to the CPU via latch U3H and the CIO. 

The CIO communicates with the CPU via the bi-directional CPU bus consisting of lines 
AD0-AD7. These lines are buffered by buffers U15A and are routed to and from the 
CPU/MMU Board via connector 35. Control signals for the CIO are received via 
connector J5 and buffers U12A. The status and control signals sent between the CPU 
and the Data Board via the CIO are listed and described in Table 16. 

The synchronized read data (SRDATA0-SRDATA7) from the individual channels is 
latched at UIOC and routed to the cache bus interface logic via buffered read data lines 
BRDATA0-BRDATA7. The parity bit (SRDATAP) is latched at UlOE-9 and routed to 
the cache bus interface via the BRDATAP line. 

Clock Generation Logic 

The clock generation logic (Sheet 15) receives four clock signals from the MMU portion 
of the CPU/MMU Board via connector J3 (Sheet 14), as follows: 

o CLD542 - The 5.42-MHz clock 

o CLK271 - The 2.71-MHz clock 

o R/WCKL - The read/write clock 

o CPUCLK - The basic CPU clock signal 

The clock generation logic (Sheet 15) synchronizes these four clocks to produce five 
basic clock signals that are used to control the operations of the data board. These five 
clocks are the FIFOCLK, CLK542, and master state machine clocks A, B, and C 
(STCLKA, STCLKB, and STCLKC). 

Block Detection Logic 

The block detection logic detects recorded tape and signals the master state machine 
and the CPU via the BLOCK DET line. The RDROPO - RED0P7 and RDROPP signals 
from the read amplifier are received by PROM U15F. When data is detected on one or 
more of the channels, the respective RDROP signal is high. When no data is detected, 
all RDROP signals are low, and the U15F PROM output holds flip-flop UIOF reset via 
amplifier network U12F-13. This holds the BLOCK DET signal low, indicating that no 
data is recorded on the tape. When one or more of the RDROP signals is high, flip-flop 
UlOF-10 is set, sending BLOCK DET high to indicate that recorded data is present on 
the tape. 
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Cache Bus Interface 

The cache bus interface logic consists of nine gates (U6C, UlOB, and U6B), line drivers 
UlOA, and parity checker U6A. The gates are enabled by the high PEPAD signal from 
the master state machine. The gates receive the Buffered Read Data (BRDATAO - 
BRDATA7, and BRDATAP) from the master state machine logic. When the gates are 
enabled by PEPAD, the data is routed via the line drivers and connector J3 to the cache 
on the MWDO - MWD7, MWDP lines. During PE operation the PEPAD signal goes low 
every eight character count, inhibiting the gates and placing all zeroes on the output 
lines. 

Parity checker U6A receives the BRDATAO - BRDATA7, BRDATATAP signals and 
checks for a parity error. If an error is detected, Vertical Redundancy Check Error 
(VRCERR) is generated and sent to the CPU via CIO U12B (Sheet 14) to flag the error. 
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TABLES 



CHAPTER 4. 



Data values 


Record values 


1234/5678 


12345/678910 


0000 


11001 


0001 


11011 


0010 


10010 


0011 


10011 


0100 


11101 


0101 


10101 


0110 


10110 


0111 


10111 


1000 


11010 


1001 


01001 


1010 


01010 


1011 


01011 


1100 


11110 


1101 


01101 


1110 


OHIO 


1111 


01111 



Table 1. GCR Four-To-Five Bit Translation Codes 
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ANSI 




Data 


Subgroups 


Storage 


Subgroups 


Channel 




A 


B 


A 


B 


1 




DDDD 


DDDE 


xxxxx 


XXXXX 


2 




DDDD 


DDDE 


xxxxx 


XXXXX 


3 




DDDD 


DDDE 


xxxxx 


XXXXX 


4 




PPPP 


PPPP 


xxxxx 


xxxxx 


5 




DDDD 


DDDE 


xxxxx 


xxxxx 


6 




DDDD 


DDDE 


xxxxx 


xxxxx 


7 




DDDD 


DDDE 


xxxxx 


xxxxx 


8 




DDDD 


DDDE 


xxxxx 


xxxxx 


9 




DDDD 


DDDE 


xxxxx 


xxxxx 


Group 












Position 




1234 


5678 


12345 


678910 


LEGEND: 


D: 


Data Bit 










P: 


Vertical Parity Bit 








E: 


Error Correction Code 








X: 


4 To 5 Conversion Code 





Table 2. Data Group To Storage Group Format 



HIGH BYTE 


LOW BYTE 


(Sheet 4) 


(Sheet 5) 


U23M, U26M, 


U19M, U19N, 


U26P, U26N, 


U19P, U21M, 


U24M, U24N, 


U21N, U21P, 


U23P, U23N, 


U22M, U22N, 


U24P 


U22P 



Table 3. DRAM Locations 



ST3 



ST2 



STl 



STO 







1 
1 






1 






1 
1 
1 





1 



1 
1 



1 



Operation 



U23C 
Active Line 



Memory refresh 
I/O reference 
Special I/O reference 
Interrupt acknowledge 
Data memory request 
Stack memory request 



REFRESH 

10 

SPECIAL 10 

INTA 

DATA 

STACK 



Table 4. Microprocessor Status Line Codes 
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SIGNAL 


FUNCTION 




Sent to CPU (Sheet 2); used to select Xmit mode for 
U23F and U25F (BADO-15). Selects CIO U2DD 
(Sheet 7). 


SCIO (Select CIO) 




Sent to NOVRAM U25J (Sheet 6) to select the 
NOVRAM. 


SNF^M (Select NOVRAM) 




Initiates a store operation in the NOVRAM (25J, 
Sheet 6). 


STORE NR 
(Store NOVRAM) 




Initiates an array recall operations in the NOVRAM. 


RECALL NR 
(Recall NOVRAM) 




Used by boot control logic (Sheet 3) to generate 
BOOT after power test. 


(R BOOT (Reset Boot) 




Indicates that an operation involving cache data is 
occuring. 


CDATA (Cache Data) 




Sent to U22H to start cache address transnnission to 
the DMA. 


CAiDD (Cache Address) 



Table 5. DMA Control Address Decoder Signal Functions 
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PIN NO. 
(U20D-) 


SIGNAL 
NAME 


SOURCE/DESTINATION 


FUNCTION 


6 


R/W 




High: Read to CPU 
Low: Write to CIO 


ZR/W From CPU 
(Sheet 2) 


36 


CSO 




Chip Select and 1. 
CSO low and CSl high 
selects the CIO. 


SCIG From Address 
Decoder U27J 
(Sheet 7) 


35 


CSl 


ZI/O From CPU 
Sheet 2) 


Chip Select and 1. 
CSO low and CSl high 
selects the CIO. 


34 


AS 


ZAS From CPU 
(Sheet 2) 


Address Strobe. When 
low, addresses, INTACK, 
and CSO are sampled. 
(See Note) 


5 


DS 




Data Strobe (active low). 
Provides timing for data 
into or out of CIO. 
(See Note) 


ZDS From CPU 
(Sheet 2) 


16 


PCLK 


ZCLK From CPU 
(Sheet 2) 


Peripheral Clock. Used to 
clock the CIO. 


25 






Interrupt Acknowledge. 
Indicates to CIO that an 
interrupt acknowledge 
cycle is in progress. 


INTACK 


INTA From CPU 
Status Decoder 
U23C 
(Sheet 2) 


24 


INT 


VI to CPU 
(Sheet 2) 


Vector Interrupt 
(active low). Requests a 
CPU vectored interrupt. 


17 
18 


lEI/ 
lEO 


lEI/IEO from 
Other Daisy- 
Chained Device 


Interrupt Enable In/ 
Interrupt Enable Out. 
Control the CIO and 
CPU interrupt priorities. 



Table 6. DMA Control CIO Control Signals 

NOTE: AS and DS low at the same time is an illegal condition and causes the CIO to 
reset. 
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SIGNAL 


FUNCTION 


PCHECK 


Received from Cache memory parity checker. 
Indicates a parity failure in memory. Read/Write 
Clock to byte counter. 


R/WBC 




Read/Write clock to byte counter. 


IF DOWN, 
CPU DOWN, 
R/W DOWN 


Sent to Load/Run MUX (Sheet 9) to specify direction 
of count for DMA address. 


IF READ, 
CPU READ, 
R/W C READ 




Sent to Read/Write MUX (Sheet 9) to specify a read 
or write operation. 


DMA16, 
DMA 17 


High order DMA address bits; sent to bit slicer 
(Sheet 8) to specify selected CAS to be generated. 


FHMPE (Force High Parity 
Error), FLMPE (Force Low 
Parity Error), 
REVERSE BANKS 


Used only for diagnostics to force high parity error 
or low parity error and to change the active (high or 
low) cache memory bank (REVERSE BANKS). 


R/W L BUB 
(Read/Write Last Byte) 


Routed to CIF/Write and Data boards to indicate 
that the last byte is being read or written. 


IF LOAD, 
CPU LOAD, 
R/W LOAD 


Sent to Load/Run MUX (Sheet 9) to specify a load 
address or run operation. 


CREFRESH 


Cache refresh signal; routed to Advance MUX 
(Sheet 9) to advance the DMA address during a 
read/write cycle. 



Table 7. DMA Control CIO Output Signal Functions 
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Register Designator 


DMA address 


Rl 
R2 
R4 


LTAPE 

CPU 
PTAPE 



Table 8. DMA Address Register 



13 12/4 


CM 


OPERATION 




1 
1 1 


1 

X 


Increment B Register 
Decrement B Register 
Load 


X = DON'T CARE 



Table 9. Bit Slice Device Microinstructions 





INCREMENT 
(I 2/4 - I 3) 


DECREMENT 
(1 2/4 - I 3) 


LOAD 
(I 2/4 - I 3) 


ABUF 
BBUF 
CBUF 


R2 ■> Y, INCR R4 
R4 > Y, INCR Rl 
Rl > Y, INCR R2 


RE ->- Y, DECR R4 
R4 > Y, DECR Rl 
Rl -> Y, DECR R2 


RE ^ Y, LD R4 
R4 -»- Y, LD Rl 
Rl -»■ Y, LD R2 



Table 10. Channel Cycles And Bit Slice Device Register Functions 
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SIGNAL 


DESCRIPTION 


IGO 


Initiate Command. Used to latch the command 
specified on the command lines into the selected 
ready GCR. 


IFEN 


Formatter Enable. Enables the GCR. With GCR 
on-line and IDBY true, pulse will reset a command 
"runaway" condition. 


. IREW 


Rewind. Interface input signal. With GCR ready, 
on-line, and not at BOT, causes tape to rewind in 
reverse direction. 


IRWU 


Rewind/Unload. With GCR on-line, causes selected 
unit to go off line, rewind to BOT marker, then 
unload the tape. 


ILWD 


Last Word. Used during a write operation to indicate 
that the character to be strobed into the formatter is 
the last character of the record. 


IREV 

IWRT 

IWFM 

lEDIT 

lERASE 


Reverse 

Write Tape drive commands lines. 
Write File Mark (Decoding these five lines 
Edit produces the commands 
Erase shown in Table 3-10). 


IWP, IW0-IW7 


Write Data. Input lines that carry write data from 
the host controller to the GCR. 


IFAD, IT ADD, ITADl 


Address lines used to select a daisy-chained GCR. 



Table 11. Interface Input Signals 
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COMMAND 


IREV 


IWRT 


IWFM 


lEDIT 


ERASE 


Read Forward 

















Read Reverse 


1 














Read Reverse Edit 


1 








1 





Write Forward 





1 











Write Edit 





1 





1 





Write File Mark 





1 


1 








Erase Variable Length 





1 








1 


Erase Fixed Length 





1 


1 





1 


Security Erase 





1 


1 


1 


1 


Space Record Forward 














1 


Space Record Reverse 


1 











1 


Space File Search Forward 








1 








Space File Search Forward 
(Ignore Data) 








1 





1 


Space File Search Reverse 


1 





1 








Space File Search Reverse 
(Ignore Data) 


1 





1 





1 


Status Hold 











1 


1 


Select 3200 CPI 


1 





1 


1 


1 


Select 1600 CPI 








1 


1 


1 


Select 6250 CPI 


1 


1 











Read Extended Status 











1 





Diagnostic Write 


1 


1 


1 


1 


1 



Table 12. Tape Drive Input Command Codes 
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LOGICAL 


FAD 


ITADO 


ITADl 


ADDRESS 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



Table 13. Logical Unit Addresses 



SIGNAL 


DESCRIPTION 


IFBY 


Formatter Busy. Indicates that tape motion is 
occurring. 


IDBY 


Data Busy. Goes true after simulated ramp delay and 
remains true during execution of all channels 
initiated by IGO. 


IDENT 


Identification. Pulsed when reading or writing from 
the BOT marker and the PE 3200 or GCR 
identification burst is detected. 


IHEFl 


Hard Error. Pulsed while IDBY is true to indicate 
that an uncorrectable error has been detected by the 
GCR. Indicates a machine failure during any write 
operation other than a write edit; pulsed when add 
parity sum of IWO-7, IWP is incorrect. 


ICEFl 


Correctable Error. During a read/write operation, 
indicates the occurence of a single-track correctable 
error. 


IFMK 


File Mark. Pulsed while IDBY is true to indicate that 
the GCR has detected a file mark. 


IRDY 


Ready. Indicates that GCR is on-line, not rewinding, 
and ready to accept a remote command. 


lONL 


On-Line. Indicates that selected GCR is accessible 
to the host controller. 


IRWD 


Rewinding. Indicates that the tape is rewinding to 
beginning of tape. IRDY will be false while the tape 
is rewinding. 



Table 14. Interface Output Signals 
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SIGNAL 


DESCRIPTION 


IFPT 


File Protect. Indicates that a reel of tape without a 
file protect ring is mounted on a selected GCR. 


ILDP 


Load Point. Indicates that the BOT marker is 
positioned in front of the photosensor. 


lEOT 


End of Tape. Indicates that the EOT marker has been 
detected. 


IWSTR 


Write Strobe. Pulsed to indicate that the character 
on the data lines has been recorded and the next 
character is needed. 


IRSTR 


Read Strobe. Pulses to indicate that a character is 
present on the controller interface. 


IRP, IRG-IR7 


Read Data. Read data from the GCR to the host 
controller. 



Table 14. Interface Output Signals (Continued) 







CONTROL BITS 




DATA RATE (kHz) 


C5 


C4 C3 C2 


Cl 


632.8 





XXX 


X 


316.5 


1 


111 





211.0 


1 


110 


1 


158.2 


1 


110 





126.6 


1 


10 1 


1 


105.5 


1 


10 1 





90.4 


1 


10 


1 


79.1 


1 


10 





70.3 


1 


Oil 


1 



Table 15. Interface Data Transfer Rates And Control Codes 
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SIGNAL 


FUNCTION 




FROM CPU 


PLL RESET 


Sent to phase lock loop to reset loop. 


FWD/REV 


Sent to master state machine EPROMs to specifiy 
direction of tape (forward or reverse). 


PE/GCR 


Sent to master state machine EPROMs and to pad 
count logic to specify recording mode selection (PE 
or OCR). 


TERMCNT/TEST 


Sent to pad count logic to specify read termination 
count or test. 


WRITE OP 


Sent to pad count logic to indicate a write operation 
in progress. 




TO CPU 


STCLKC 


Master state machine clock C from Data Board clock 
generation logic. 


PROCINT 


Sent from master state machine EPROMs to indicate 
a processor interrupt. 


POSTAM 


Sent from master state machine EPROMs to indicate 
that a postamble has been detected. 


BLOCK DET 


Sent from block detect logic to indicate that 
recorded tape has been detected. 


CHERRO- 
CHERR7, 
CHERRP 


Channel error signals sent from individual channel 
state machines via latches U6B and U6C, also used by 
CIO U5B to detect ID BURSTS, FILE MARKS and 
ARA ID BURSTS. 


VRERR 


Vertical redundancy check error signal sent from 
cache bus interface logic via latch U6B. 



Table 16. Data Board/CPU Status and Control Signals 
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U07ES' U^JLESS CTHERW/SEr^PECirfED. 

1. /RESISTOR m.U£S ARE IKJ bHMS , //4^/,5% . 

2. CA.PA.aTOf? VALUES ARE lU MICROmj?ADS> 

3. ZC VaCTACsE AKlbGKlD ASSI^MMEKITS J UMUSED GATES'. 



IC TYPE 


REFEREKICE DESIGKJATOR 


-■5 


6WD 


+/2 


-/2 


+0, 


~(d 


UUU5ED 


&Z5IA 


a/4B 


Z(d 


4 












ADCIDOiCCI^ 


U7D 


20 


10 












DACiaO&LCM 


UIZ 


3 


11 












LM233' 


U37./bL,IIL,MMJ4N.l^T 




12 


3 








UIIL-B 


MCl405tBPC 


U4E,5E^1Q 




e> 






ICo 


7 




MC54B&AP 


UIZL 




4 


S 


5 








SH?4LSnN 


UIZN.,m 


14 


7 










UIZN-A.I^V'A 


RC4I30> 


USN. l5/^,/7^;,MP,WS 






1} 


7 






UI9S-A,B. UHK-AB.D 


SKI14I4K1 


UfCoJ' 


14 


7 










UlCtJ'E 


SI^7407N 


u^C3,unv 


14 


7 










L/36-4,Sr,UI7V-E.,P 


SU74LS0BU 


U/Z6,J3C:iJ5H 


14 


7 










UI5H -A 


5/J74LS/£iKl 


U/4H 


ICs, 


S 












SN74LS0CI/ 


UHH 


14 


7 










UHH-fit.B 


5KJ14LS]SB/J 


UI5£ 


\U, 


8 












SKJ74LSI4N 


UI2H. ISCj 


)i 


7 










UISC-A.B,D,E,F 


SKJ14LSn5 


UI5B, I7E 


l(e 


5 












S^J 74L33ZhJ 


UIO,h 


14 


7 










U/0>Ci-A,a 


5M74L574K1 


UI^J 


14. 


7 












TLOBZP 


U(cB.CtC.O,D:0>E,(s>F 






& 


4 






UaB-A 


UAHSSTC 


U4V 


6 


/ 












UC55Z4AKJ 


U3V 




a 












zac^MPS 


UIO&.UIZB 


23 


7 












SN74LSI0N 


UI76 


M 


7 










U176-A,B 


SW741S04N 


UI6E 


W 


7 










C,0,£,F 


SH74.LS244N 


UI7B 


20 


10 










H 


MG7<K>CP 


U9E 


M 


7 










9E-D.e 



4. LAST USED AND mosEP REFERENCE DESI6K1AT0RS'. 



f^FERENCE PEmmnoN 1 


LTR 


tAsr 
usee 


NOT USED 


C 


1S5 




CK 


49 




PS 


; 




L 


9 




a 


30 




R 


531 




T 


! 




TP 


45 




m 


(^ 




K 


; 


















A 
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5 



IDWR 



Ji 
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D, <3t 
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^D, 






M 






I,- U4 
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U3 
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1404- 



wpc 



X 



Pkie Asav 

9&18T5-OOI 
SCHEMATIC 
91&I&75-300 



20 



+5X)V 

F/6 

lOUTI 
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A- 
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-43SiKr/ofeW9 



, crre 



4.93 K )% 

'I81AI 



(^78 

PC. 



;o 



I 



TP34, 



-TMI 
(SH4) 






Rtl'i 

1% '/sW 



iLwv 



/S'es(9 



/% 



100 






y-/2v 



_L .0047 



V 






SH5' 



-^vw — 

(OO 






.0047 







R^(o4 

100 



u«/ia? 



200 




CRB3 
^ltJ4740B 



+I2V 



CR28 



R24& 
— VW- 
47 
1/2.W 



Q24 
2N30I9 



RZ41 
5. IK 



Vfe,W 



a24,A flf27:![ 



R247 
47 

, 2W30fS 



+5V 
i 



C'3^y^ 220K 




i/2\A/ 



®TP3f 



I 



^ 



7407N 



® TP30 



I 



.5.IK 



Pgfagy DETECTION CIRCUIT 
■hSV 



^ 



7407M 



+5^" 



DSI 
FAILURE 



RI&D 
C13Z > 220K 



10 



P5~43 <r- 

mrcHPocr 

ENABLE 



H 




LSI23 



;2 



I/O 






a 

U15J 
74 _ 

> a 



—UiisHy 



+5l//?£'SfSH5) 



. +5V 



74/4 






+ 5 



+5 



, R5H 

10OK 



■TP32. rsws; - 



■R2lb5 
>4.7K 



C12>7 
IMF 

,4dy 



HH 



1. 






1 



7 4»6 
-IZV 



TPli 



S)TP4( 



I 




_M/W5H 
USO0 



\Z 



13 



^ 



/6J^ 



FWD 



H/6J 
74/4 



- SERM EN 1 

CSH7) 



-;2V 



.Cl-H 



^0, 



5M5 
A 



1§ 



U17J 






SSI74LSllfJ 






um\. 



SW74L511M 



iH5 



XRV EN 2- 
tSH5) 



TAKE Uf=' 5>ERVO 



5HS 
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(SH4) 



+ 5 



UI6E LS04- 

1 r\,2 




/^O/R REF ONLY 

D!Aeh/Oi::.TIO 
DISPLAY 



FOR 
SCHEMATIC 

e&izi-soo 



SENSE/SERVO BOARD 
Schematic No. 1 



Sht 7 of 7 



NOTES: (UNLESS OTHERWISF SPECIF)EP) 

1. IC \/cc & GNO PINS WITH UN USEP PORTIONS: 



IC TYPE 


REFERENCE DES/GNATOR 




*5V 


6ND 


UttUSEP 


SN74LS00N 


lbN,18H,22C,2St> 




14 


7 




Sf/74LS0W 


23H 




14 


7 


C 


SN74LSCAN 


238 




14 


7 




SN74lS0aN 


Z2D, 27H 




14 


7 


27H-P 




SNMLSION 


ISA 




14 


7 




5k/74LSIW 


I4C 




14 


7 


C 




SH74LSI4N 


3C 




14 


7 


E.F 


SN74LS28N 


22H 




14 


7 




SN74LS32N 


17C,20C,20J,25H 




14 


7 




SN74LS42N 


23C 




16 


8 




SN74LS74N 


15L,Wl>,l6L,17FjaC,22& 




14 


7 


22B-A 














SfJ74LS109N 


208 




76 


8 




SN74LSI25N 


20H 




n 


7 




SH74LS138N 


27J 




76 


8 




SN74LS139N 


27P 




lb 


a 




SN74LSt53N 


!7H, WD, WF 




76 


8 




SN74LS244N 


3A,ec, 9A, 9B, 12C, !6B,22A,27A 




20 


10 


16B-A 

3A-q , 27A-C,E,6 


SN74LS245N 


23A,25A 




20 


10 




SN74LS25bN 


HJ 




76 


8 




SN?4LS2aON 


22J,23J 




14 


7 




SN74LS374N 


17K, I7L 




20 


10 




























74SJ12PC 


16 J 




76 


8 




m74SBSN 


IBJ 




76 


8 




74S2aON 


6B. 9C 




14 


7 




14-F3Z. 


U1&A 




14- 


7 


U1&A-B,QD 


74FOOPC 


I5H - 




H 


7 




74F04PC 


I7U 




14 


7 




74F0BPC 


3B 




14 


7 


B,C,D 




74F74PC 


725, 15K,16K,!70,23P 




14 


7 


15K-B 


74F86PC 


14B 




14 


7 




74FI09PC 


15C, !6C 


16 


8 


ISC-B 


74F!38PC 


t6H 


16 


8 




74FI9IPC 


I6F 




lb 


8 




74F373PC 


22F,27F 




20 


10 




74F374PC 


6A, (,J, 9 J 




20 


10 
















27123 


20K, 22K, 23K, 25K, 


28 


74 




AM290WPC 


3K. 6K, 9K. 12k, 14K 




10 


30 




AM2947PC 


23F.25F 




20 


10 




m2966PC 


3J 12J !5D tSF I8M 27M 27P 




20 


10 


I6D-A,C,E,G 


it5mmi\HP-& 


W,2D,4D, 5D, 7D, 8D,tOD, VD, 130. 140, 
IE. 2E,4E.5E, 75. 8E, IDE, HE, I3£,I4E. 
16,26, 4G,56, 76, 86, 106, lie, 136. 146, 
W,2H,4H,SH, 7H,8H, X>ff. 11 H, I3H, I4H, 
19M. 2IM.22M,23M,24M,2(,M, 
/9jV. 2m. 22H, 23N. 24N,2bN, 
19P. ZIP, 2ZP. 23P, 24P, 2bP 




8 


lb 




X22WD 


25 J 




18 


8 




Z8002APS 


25S 




10 


31 




Z803bAPS 


20D 




23 


7 




Z8531PS 


27C 




5 


14 




LM39//N 


)4M 




- 


\ 






" 






















e98-S- 1(220/330 


12 A CPESISTOR NETWORK) 




76 


8 


PINS 5,6,7,14 



2. POWER & GND ON CONNECTORS ; 



J3 
1 

3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
41 
45 
47 
49 
5) 
53 
55 
57 
69 





























































J4- 



t 



TPZi> 



+5\l 



48^5,122 
2SjiF6V 



-^C6,35, -i-C 1-7, 9-34, 



V 



36-47,49-54. 
86-721,723-/59 
IM 50V 



+ t2.V 



V 



J£ 

T 

3 
5 
7 
12 
77 
2Z 
27 
32 
36 
38 
47 
S3 
60 



>' ®TP27-TP3 I 



V 



REFERENCE PESISNATOR 


LTR 


LAST 
USEP 


NOT USED 


LTR 


LAST 
USED 


NOT USED 


C 


lU 




TP 


54 


13,14,21 


OR 


1 




Y 


7 




P 


5 


uz 


U 


27P 




Q 


2 










R 


47 


27,28,SZ,40 





































































4. RESISTOR VALUES ARE IN OHMS, '/4K 5 o/o 



CPU/MMU BOARD 
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<■?; REVERSE dANKS 




ZOJi (3) 



CPU/MMU BOARD 



Schematic No. 2 
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(2) [>ArA + STACK 



(ZJ5fi7) LA0-LA'',5 
(Z,U)2B/W 



(Z.5,C7)W5 



(2(^7) ZJJO 



BOOT (2,4,5) 



BOOTRDiS) 



BOOT (5) 




DRAM R/W (4,5) 



\>JATT (ZU?) 



IIQRD (G) 
HOUR ((^,7) 



CPU DRAM/ BOOT CONTROL 



CPU/MMU BOARD 
Schematic No. 2 
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HIGH BYTE 



(45) RAS 
(3fi) DRAM/f/U 
(3) CM 



(5) ASr-A7 



(Z5.0>7> BAm-B/U)15 



(Z^A) BR/17 
a) FHMPC 



(S) RPL 



a) FLMPE 



(5) RAMDS 
(Z^,5) BOOT 
(Z^,U PWRRES 






J5 




1 

3 
5 
7 
11 

n 
zz 

27 
3Z 

SB 
47 
53 
(.0 








• — 


J — 


t 


T 





V 



TP1Z 
® 



1 



UDOGENAUB (.(,) 



PARITY /DRAM HIGH 



CPU/MMU BOARD 
Schematic No. 2 
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(4) RPL 



S^,CJJBAD0- BAD15- 
(3,4i PAS 



(3ff) DRAMR/W- 
(3) n^ 



(e)HBANK — 
^?,C7)Lfl1-LA15- 



!3J mux 



C3i AML/X ■ 



(S^fl) BOOT ■ 



C3i BOOT- 



(3) BOOTRD 
(2,3,(i,7)lDS 



LOW BYTE 



^A0 


f> 


A1 


7 


A2 


L 


A3 


12 


A4 


11 


Af) 


10 


Ak 


13 


A7 


9 



Us 



RAS W CS 

Ut9M 
PL 

or 

00 



-^5t'- 



RPL 



(A0 



At 


7 


AZ 


i. 


A?, 


12 


A4 


11 


A5 


10 


Afp 


13 


A7 


9 



4- 



I 



3 \15 



SB tr MS 

u19N 
•4/64 

or 

DO 



A0-A7 



DRAM ADDRESS MUX /BUFFER 



HBAMK If 




'LA15 


17 


IA14 


13 


LA13 


4 


LA12 


Z 


LAI1 


r. 


LAW 


e 


LA9 


15 




9 


Ar 


3 


AU 


7 


A5 


1(n 


A4 


IS 


A3 


14 


AZ 


12 


A1 


5 


A0 



iA7 


? 


LAlc 


4 


LAS 


C 


LAS- 


17 


IA3 


13 


LA2 


11 


LAI 


15 




IB 


/90 


16, 


A5 


14 


A4 


5 


A3 


7 


AZ 


9 


A1 


5 


A0 



BAD7 
2 . >| 



( ^ 5 



M 


7 


AZ 


6> 


A3 


12 


A4 


11 


A5 


10 


A(f 


11 


A7 


9 



4 3 



15 



RA5 \,/ CAS 
U21P 
4ie4 

m 

DO 



BAD3 



BAD0-BAD15 



(MS 



A1 



AL. 



A3 



A4 



AS 



A0> 



A7 



_5. 
7 

1Z 
11 

J£L 
JA. 



4 



3 \15 



R/IS M CAS 

Ui9P 

4ie4- 

01 
DO 



BADL, 



'm 



A1 


7 


AZ 


U 


A3 


1Z 


A4 


n 


A5 


1Q 


Aff 


13 


AT 


9 



4 



15 



Mas w V^ 



U2ZM 



4ie4- 



or 

DO 



3402 



(m 



At 


7 


AZ 


6 


A3 


tz 


A4 


11 


AS 


10 


A(o 


13 


A7 


9 



4 



I 



Sas V ois 

i/eiM 

4/64 
or 

DO 



BADS 
2 - > 



{A0 



A1 


7 


A? 


i. 


A3 


12 


A4 


11 


AS 


10 


AL 


13 


A7 


9 



USS 



c^ 



15 



U82N 



4/64 



or 

DO 



.BAD1 



■m. 



A1 



6L. 



A3 



tz 



A4 



45- 



10 



Ak 



13 



Al 



3 \15 



HAS W CAS 

U21N 

4lb4- 

DI 
DO 



A0-A7 



BAD4- 



^A0 



At 


7 


AZ 


6 


A3 


1Z 


A4 


11 


AS 


10 


AL. 


13 


A7 


9 



4 



15 



■^5 W EH 
U22P 



4164 



DO 



BAM 



A0-A71A) 



-*'+5V 



LA1-LAt5 



mi to 



\JJI5_ 



lAZ 



LAS 



IM. 



LAS 



LAL, 



LA7 



096 



LA9 25 



LAID 24 



1411 21 



LA12 23 



LA13 



LAU 20, 



10 



U18R\t 
00 / 



13^ 



JS^ 



U20J\Jj_ 
3Z\r 



20^ 



121 SPECIAL 10 



(2) IMREQ. 




U20J\3_ 
32 



22 



A0 

A1 



p^^UZOK 

IKS 
A4 
^527/26 

A6 
A7 

A8 
A') 

A 10 
All 
A 12 
A13 



12 


BAD1 


13 


RAO? 


15 


BAD3 


1U 


BA04 


17 


BADS 


18 


BADO, 


19 


BAD? 



CCE 



UE 



11_BAM\ 



{LAI to 



27 



28 



■■f-SV 



LA2 



LAS 



LA4 



LAS 



LM, 



LA7 



lAd 



LA9 ZS 



LAID 24 



LAU 21 



LAt2 23 



LA13 



UH4 26 



20. 



22 



U23K 



1L> BmtZ 



27123 17 BAD13 



IB BADM 



CE 

OE 



11 BAD6 



12 BAD9 



13 BADtO 



15 BADtl 



fP SADtS 



27. 



28 



■ -fSV 



'IM 10 



LAZ 



IM a 



IA4 



IAS 



LAL, 



LA7 4 



LAB 



IM 25 



LA10 24 
LAU 21 



LA12 23 
LA13 2 



LA14 2li 



20, 



22 



U22H 
27 128 



12 


mi 




13 


BAD2 




15 


BAD3 




to, 


BAD4 






17 


BADS 




18 


BADLc 




19 


BAD7 





'cZE 



OE 



11 BAD0\ 



CLA1 10 



27 



« — t'-l-SV 



28 





(A? 


9 




LA3 


8 




LA4 


7 




LAS 


U 




LAI:, 


5 




LA7 


4 




LAB 


3 




LA9 


25 




LAW 


24 




LAU 


21 




LA12 


23 




LA13 


2 




LA14 


-Jk 



11 BAD8 \ 



12 


BAD9 


13 


BADtO 


15 


BADtl 


16, 


BAD12 


17 


BADt3 


16 


BAD14 


19 


BADI5 



20 



22 




y-5/ 



- RAMOS (4) 



EPROM/D/PAM LOW 



CPU/MMU BOARD 
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J5 IN 



J5 Ot/T 



+5V 



(Zp,7l 10 

(Z,7,11j lAm-^ADIS 

(Z3&7)LA9 
(2,3.7) ICLK 

CZ^A 7) WS 

ce^)mREQ 




\7 se-iii 
^ /Z3-/59 

V 



(7)+1ZV 



(M) PRTERM- 

® TP33 



V 



(Z.3)1B/VI 

(2) i/?£S 
(Z,7) IMTA 



PWR RES iZ,'iA) 
£m(?) 
IljO C2, 3,7; 



(7,9) C DATA 



(2^,5,7) Lfi0-LA15 
(?) STORE NP 
(SJJilOWR 

(Z,3fl) BR/V! 

(7) RECALL NR 
(3)7T0RD 



(7) SNRf/ 



BAD0-BADI5(2^.5J) 



J4_ 

7 

9 
/f 
13 
15 
17 
19 
21 
23 
25 



5 

a 

10 
12 

14 
10 
46 
20 
22 
24 
20> 
31 
45 
47 



32 



PWR RES 



J4-/J5/N0VRAM 



CPU/MMU BOARD 
Schematic No. 2 
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(Zt^.5.G) BAD0-BAD15- 



BADSr-BADfS 



U23B 



(6.) +1ZV- 



1 






R42 
7.I5H 



R43 



U14M 
LM391iN 



R4fc 
4.7K 



U17J 






F04 



V 



RqS 
270K 



TEMP WARNilNg. 



f3,(i; £ lOWR 



(2,S,5-,G) LAt-LA15- 



R47 
lOK 




i'2,4fi.^ JD 



^2,6,//; iAD0-ZAB15- 






(i,3) iCLK 

(a,c> Tim ■ 
(2,6) TT - 

(6) I£I- 
(6) [EO - 



LAI 






00 J^ 



V/R CADD L 




(BADfS 1& 



aV)f4 



34013 



17 



BAD!2 



BAD11 



14 



m^ 



f3 



&ID8 



unK 

374 
D Q 



ft 



Y 



19 



/£. 



fA. 



1Z 



BAD! 



BADL 4 



BODS 



BAD4 



BAIB 



13 



BAD2 



14 



BAD1 



17 



BADBf 



18 



* 

um 

374 
D i? 



LK) 



00 J ^ 



WR CADDH 



iAD0-iAD7 



'IMS 



LAU 



LA13 



LA9 



'ZAD0 37 



€ADr 



36 



gADZ 



31. 



&W3 40 



i/m 



ZAPS 



ZACXo 



^07 



35 



SU. 



34^ 



1(p 



JS, 



24 



17 



18 



R31 
I VW- 



A "27J 2 
Gf '^ 3 

4 
G2 5 

6 
G3 7 



s_ 



14 



13 



1Z 



11 



CAOD 



UZOD 



CIO 
603i,A 



PAD 
P(\\ 

PA2 
PA3 

PA4- 



32 



31 



CSI 



cCSo 



pa/( 



fJl/A/TUCK 

m 

lEl 
lEO 



PAS 
PA(, 
PA? 

PCO 
PCI 
PCZ 
PC3 

PBO 
PBl 

PBZ 
PB3 
PB4 

pee 



PBb 

per? 



33 



3D 



Z9 



28 



27 



2C 



19 



20 



21 



^ ® TP34 



10 



11 



n 



13 



14 



15 



av PCHECK- 
(9) R/W5C - 



TEMP IaJAPMIMC /DMA CONTROL 



DMA7 (B) 
DMAU C8) ■ 
DMAS (B) 
£)AfA4 S) 
DMA3(B) 
DMA2 (B) 
DMAf(3) 
DMASF <Bi 

imcu 

DMA 15 (3) 
DMA14(B) 
DMA 13 (a) 
OmiZfB) 
DMA1U6) 
DmiefiB) 
DMA9 (8) 
DMAS (B> 



WffCAODL (9) 



-^TPZ3 



> SPARE 



SCIO (2) 



5NRM(C) 
STORE NR (6) 
RECAU.N mO>) 
R BOOT (3) 
CDATA (2,6,9; 



IF DOWN (9) 
CPU DOWN i9) 
RAJDOWNiP) 
IF C READ {9) 
CPU C READ'S) 
R/WCR£AD(9) 
DMAme) 
DMA 17(8) 

FMMPE(4] 

FLMPE{4] 

f^VLRS,^ BANKS 



R/WLBUB (9) 
ZFLOAD(9) 
CPU LOAD (9) 
Ff/WlOADi.9) 
CREFRF3M O) 



(2) 



*NQrE: n/S I.e. NOT f //STALLED 
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PU4 



S0.85LIB 
(Z) 



Z.1W8 

(9) 



5.43US 

(5) 




A0A(1O) 
AIA (10) 
AZS (10) 
ASA (10) 
A4A (10) 
A5A(m 
A(^A(10) 
A7A(10) 



A0B(1O) 
AlBdO) 
A2B(10) 
A3B(10} 
MB (10) 
ASBdO) 
A(oB(m) 
A7B (10) 



- n-W(9) 



CPU/MMU BOARD 
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f8) 2.7 tan 




Pl/S PiM 



CT)CPU C READ 



CPU/MMU BOARD 
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Sht 9 of 11 



(6) RA50 
(B)CAS0 
(8) W£0 
&)A0A 
(&AM 
& AZA 
(a A3A 
(8) a4A 
(B) ASA 
mAM 
(S) A7A 

DSI 



(& RAS1 
(BJCaTI 



D0 



(8)^A52 
(8) CASe 
(8) WEB 
18) ASTB 
(8) A1B 
(8) A2B 
(8J A3B 
(8) A4B 
(6) A5B 
(S; 468 
(S) A7B 
00 



(8) MS 3 
(6) CAS3 

(8) yE3 



00 




notes: UNLESS OTHERWISE SPECIFIED 

\J^LL DEVICES. SIGNALSJND PIN NUMBERS, 
IN THIS SERIES, ARE /DENTICAL. 



QUP 



DM /): CACHE DRAM 
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(10)01 - 
(W)DZ - 

m>D2 - 
m)Di - 

HOj 05 - 

m)Di> - 

(10)07 - 



(10) DP 



(101 DM P 



(1O)Q0- 

(10) a 1 - 
(10) a?. - 

(10) Q 3 ■ 

(10) a 4 ■ 
(10) as ■ 

(10) Qi, - 

(ma? - 
(10) ap ■ 



(lojaup 



(6)FCH£CK CLK 



(9) CPU CLK 
(.b) CPU ADV 



+5V' 



t6 



^ 



Ut2A 
DIP TERM PAH 220/33O-Q. 



-M 



IC U9B 
—13. 



<] 



\17 



15 



13 



11 



U9C 



nf 



SZ60 



PARITY GEN 



^ 



U1ZC 
\t7 



i9f^LSZ44 
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14 
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7 
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9JAt.9L,5PJOh! 
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7 
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74LS0B 
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14 




7 
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3L 


14 




7 
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14 




7 
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14 




7 
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74LS74 
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7 
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74L58G 
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14 




7 
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HP 
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P, 
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14 




7 
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?n 




in 
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UK 
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7 
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7 
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74F10 
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14 




7 
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Q>N 


14 
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9D.100.im.9E.10E. 11E 
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7 
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?? 
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Y 






L 
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Jl 
1 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

3t 

33 

55 

37 

39 

41 

43 

45 

49 
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SEE »XRTS> U5T9ei34-&-001 FOr' CORRECT VALUES POR M%1 
2. CAPACITOR VALUES ARE Ihl MICROFARADS. 
1. RESISTOR VALUES ARE IN OPMS . l/4V1.5Vo. 
NOTES: UNLESS OJPERUJiSE SPECIFIED 
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?4 
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ZZOy 330.0. DIP TERM PAK 

3C (50CKETEX3) 



!C>. 



fO 






■ -I-5V 
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5£ 
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& WDZ 
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1^ \im 
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1Z 
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7?8S: 
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TPS 
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0> 
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r> 
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13 



12 
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TP2b 
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MWD0 

MWD] 
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IS 3 2 
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742 2/ 



74150 



REF DtS 
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(J5G 



UZF U<iF 
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